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Developed in the 1960s, geochemical and macrobotanical analyses have been 
available to researchers in both historical and prehistoric archaeology, although the 
application has generally been limited. These methods are particularly underutilized in 
historical archaeology, where researchers have applied them irregularly and with poor 
soil sampling and collection strategies. With three case studies from the state of Nevada, I 
will demonstrate that geochemical and macrobotanical analyses are worthwhile methods 
and applicable to a variety of historical sites. These case studies include the Saint Mary’s 
Hospital in Virginia City, the Stewart Indian School in Carson City, and the Island 
Mountain Chinese mining community located north of Elko. The results suggest that 
these analyses can be applied to a range of historical archaeological sites and features and 
can help answer questions related to foodways, the market availability of goods, 
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This project seeks to provide a demonstration of the application of geochemical 
and macrobotanical analyses to historical archaeology sites, especially in the American 
West. Developed in the 1960s, macrobotanical and geochemical analyses in archaeology 
have been applied to projects in both historic and prehistoric archaeology, although the 
application has generally been limited. Prehistoric archaeology regularly incorporates 
macrobotanical analysis into projects, while historical archaeology in the American West 
employs the method sporadically and with irregular sampling strategies. The use of 
geochemical analysis is also inconsistent between prehistoric and historical archaeology 
and it is underutilized as a research method, particularly in historical archaeology. When 
the methods have been employed, however, the results have provided significant data for 
use in interpretations.  
I.1 Methods of Analysis  
 
 The methods of analysis used in this thesis are divided into two separate 
categories: geochemical and macrobotanical. The geochemical methods include the use 
of x-ray fluorescence spectroscopy (XRF) in order to identify chemical elements of soils, 
scanning electron microscopy combined with energy-dispersive x-ray spectroscopy 
(SEM-EDS) in order to verify the accuracy of the XRF, and loss-on-ignition (LoI) which 
provides data on the organic matter content of soils, as well as the carbonate content. The 
macrobotanical methods involve the use of two types of flotation devices: a Flote-Tech 
machine-assisted, commercially produced flotation machine designed to recover 
macroremains from large quantities of soil, and a simple manual flotation setup 
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consisting of a three gallon bucket and nested sieves to collect macroremains from 
smaller soil quantities. These geochemical and macrobotanical methods are combined to 
create the data presented in this thesis. 
I.2 Three Case Studies 
 
With three case studies from the state of Nevada, I will demonstrate that 
macrobotanical and geochemical analyses are worthwhile methods and applicable to a 
variety of historical sites. These three case studies include the Chinese mining 
community of Island Mountain, the Saint Mary’s Hospital in Virginia City, and the 
Stewart Indian School in Carson City.  
The Saint Mary’s Hospital in Virginia City was founded in 1875 by a Catholic 
society known as the Daughters of Charity (Machado 2013:55-56). The purpose of the 
hospital was to serve the miners in the area, who otherwise had no healthcare (Hannefin 
1989:147). The hospital operated under the Daughters of Charity until 1897 (Hannefin 
1989:148), when it was transferred to Storey County for continued operation until 1944 
(Machado 2013:57). The hospital stands today and is used as an artist’s and corporate 
retreat. 
The Stewart Indian School was established in 1890 by the State of Nevada in an 
attempt to assimilate and provide education for Native American children in the region 
(National Park Service 2015; Stewart Indian School 2012). The school operated until 
1980 (National Park Service 2015). 
The Chinese settlement known as Island Mountain began in 1873 as a placer 
mining town located far to the north of Elko (Angel 1958:394). The town began to fade 
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by 1878, but remained sparsely inhabited by Chinese miners until 1915 (Angel 1958:394; 
Hunt-Jones 2006:6). 
Because these sites are, in many ways, so diverse, they lend themselves to a 
variety of questions that can be answered through the application of these methods. 
Additionally, the data generated through these analyses will bring to light nuanced 
aspects of historic sites that cannot be detected through the simple collection and 
cataloging of artifacts. 
 These three sites were chosen for this project for two basic reasons. The first is 
that each of them represents a unique site type in historical archaeology, such as a 
hospital, an ethnic school, and an ethnic community. These sites provided the diversity 
required to adequately evaluate the application of geochemical and macrobotanical 
methods to a variety of sites and features that normally do not receive additional 
treatment during excavation. The second reason is that each of these sites is linked by the 
common theme of westward expansion, and their types are found only in the American 
West: a hospital that catered to Comstock miners, a school that educated and attempted to 
assimilate Native American children of the West and Southwest, and a community 
composed almost entirely of Chinese placer miners. 
I.3 Summaries of the Subsequent Chapters 
 
 Chapter 2 of this thesis describes the methods of geochemical and macrobotanical 
analyses in detail, certain case studies in both historic and prehistoric archaeology, and 
some of the theoretical frameworks under which the methods function. 
 Chapter 3 presents the first case study, Saint Mary’s Hospital in Virginia City. 
Geochemical and macrobotanical methods at this site were able to confirm the functions 
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of features investigated through excavation, provide evidence of consumer choice and 
market availability, and provide data concerning the presence of anthropogenic heavy 
metals and their possible use at the site. Additionally, the results were able to provide a 
possible explanation for the presence of lithic artifacts at the site. 
 Chapter 4 presents the Stewart Indian School case study. At this site, geochemical 
and macrobotanical methods were able to provide evidence of burn feature composition, 
as well as the presence of contamination by anthropogenic heavy metals. 
 Chapter 5 presents the third and final case study, the Island Mountain settlement 
site. When geochemical and macrobotanical methods were employed on the soils of a 
privy feature located within the site, evidence of diet, market availability of goods, and 
the health of the inhabitants of the settlement were uncovered. 
Chapter 6 presents the overall discussion of the project, recommendations for 
future research using geochemical and macrobotanical methods in historical archaeology, 
and a discussion on best practices for the collection of soil samples in the field. 









II. The Application of Geochemical and Macrobotanical 
Analyses in Historical Archaeology 
 
 The 1960s were a turning point in the development of archaeological method and 
theory with the introduction of the New Archaeology (Johnson 2010:15). The New 
Archaeology brought the discipline closer to the scientific method, and new methods of 
analysis were developed to fit into the new paradigm (Johnson 2010:21-23, 30, 37). Soil 
analysis in archaeology, which includes macrobotanical and geochemical analyses, were 
both developed during this time (Struever 1968:353; Potts and Webb 1992:252). Their 
use today, however, is not consistent across the discipline. Macrobotanical and 
geochemical analyses are employed differentially depending upon whether they are used 
in prehistoric or historical archaeological applications. The method of flotation for the 
recovery of macrobotanical remains was developed in 1960 for use on a prehistoric site 
excavation, and the greatest strides in its development and application have been in 
prehistoric archaeology (Struever 1968:353). Flotation began as a simple, manual bucket 
procedure, and progressed in stages to machine-assisted systems; culminating in the 
development of the Flote-Tech commercially produced recovery system. Geochemical 
analysis began in the 1960s, and its primary use has been in the sourcing of lithic 
toolstone (Smith 2010:866); however, there have been some attempts to apply the method 
in historical archaeology, such as in the identification of ceramic manufacturers (Scarlett 
et al. 2007; Gilbert et al. 1993). In this chapter, the methods of both macrobotanical and 
geochemical analyses will be outlined. Examples of their use in primarily historic, but 
also prehistoric, archaeological investigations and some of the common theoretical 
orientations used in the interpretation of the results will also be discussed. Finally, 
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research gaps and problems will be addressed. This chapter will also serve as an 
introduction into how the three archaeological sites investigated in this thesis will 
demonstrate the applicability of these methods in historical archaeology. 
II.2 Macrobotanical Analysis     
 
II.2.1 Common Methods  
 
Since the 1960s, flotation has been the method of choice for the recovery of 
macrobotanical remains from archaeological sites. Stuart Struever produced the seminal 
article on the method of macrobotanical flotation in 1968. He was the primary proponent 
and developer of flotation, and employed it at his Apple Creek site in 1960 (Struever 
1968; Pearsall 2010:19). The impetus for the idea of separating plant remains from soils 
using water came from a crisis in prehistoric foodways studies. Struever observed that 
faunal remains were frequently recovered from prehistoric sites, but floral remains were 
either absent or only found in low quantities (Struever 1968:353). This led to a distinct 
bias in favor of animal sources of subsistence over plant foods in the archaeological 
record (Struever 1968:353). Struever offers two explanations for the lack of floral 
remains in archaeological sites. The first is what he notes as the accepted explanation of 
poor preservation in soils of the eastern woodlands (Struever 1968:353). The alternative 
explanation is that plant remains are distributed in low quantities throughout a site, and 
screens used in excavation are far too large to capture these remains (Struever 1968:353). 
In an attempt to solve this crisis, Struever experimented with placing soils into buckets 
filled with water, and observed if macrobotanical remains floated to the surface. His idea 
operated on the notion that lighter materials, such as carbonized plant remains and 
charcoal, would settle at a much slower rate than heavier materials, such as rocks and 
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clay (Struever 1968:354). A variety of macrobotanical remains were recovered that 
would otherwise have been lost through screening alone, and they provided evidence of 
the previously underreported plant dietary component (Struever 1968:358, 361). The 
results of the experiment proved flotation to be a success, and the method has been 
increasingly improved upon over the past several decades.  
 Many types of flotation have been developed since the method’s inception in the 
1960s, and they can be categorized into two basic classes: manual and machine-assisted. 
The initial method developed by Struever falls into the manual class and requires a 
significant amount of physical effort and an adjacent, abundant water supply (Struever 
1968:354; Pearsall 2010:21). Struever modified buckets by cutting out the bottoms and 
replacing them with 1/16 inch mesh screens (Struever 1968:354). The bottom of the 
bucket is submerged in a nearby body of water, and soil is poured in (Struever 1968:354). 
The material is agitated by rotating the bucket in alternate directions until the soil has 
washed away (Struever 1968:354). What remains floating at the surface is the light 
fraction, consisting of plant materials, charcoal, and burned bone (Struever 1968:354-
355; Pearsall 2010:15). In the bottom of the bucket lies the heavy fraction, which 
includes lithic artifacts, rocks, heavier macroremains, and other materials too heavy to 
float (Struever 1968:355; Pearsall 2010:15). The light fraction is collected near the 
surface with a fine mesh net and set out to air-dry on newspaper (Struever 1968:355; 
Pearsall 2010:35, 39). The heavy fraction is also collected and set out to air-dry on 
newspaper (Struever 1968:355).  
Once dry, the light fraction is subjected to a second, chemical flotation process in order to 
separate faunal and floral remains (Struever 1968:355). The chemical flotation process 
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uses zinc chloride (ZnCl2) mixed with water to achieve its results (Struever 1968:355). 
According to Struever, the solution requires 7.1 pounds of zinc chloride mixed with water 
to make 1 gallon (1968:355). When subjected to the chemical bath, bone and plant 
material separate, with the denser bone sinking to the bottom and the lighter plant 
remains floating to the top (Struever 1968:356). Struever reports close to a 100% 
separation of the two materials using this method (1968:355). Once the materials are 
separated and collected, they must be rinsed to remove the zinc chloride, as Struever 
notes that a failure to perform this task will result in incomplete drying of the materials 
due to the nature of the chemicals (1968:356). Although the method was successful for 
Struever, several issues have arisen over the use of chemical flotation by others. Pearsall 
notes that the cost of zinc chloride has risen significantly since the 1960s, making the 
method’s use as a time-saving device less cost-effective (2010:89). Additionally, the act 
of subjecting the archaeological materials to a second immersion and drying cycle is 
destructive of plant remains (Pearsall 2010:89; Hastorf & Popper 1988:25).  
An alternative to chemical flotation is froth flotation. Although it is essentially 
another type of chemical flotation, this method replaces zinc chloride with a frothing 
agent and a collecting agent (Pearsall 2010:62). The frothing agent can be either 
polypropylene glycol or Cyanamid Aerofroth 65, while the collecting agent is kerosene 
(Pearsall 2010:62). The method generates froth at the surface of the flotation unit, which 
collects the lighter plant materials (Pearsall 2010:62-64). The froth is then poured off and 
collected, and the previously described methods for processing can be applied (Pearsall 
2010:63-64). While still destructive to the sample, froth flotation is less costly and saves 
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the significant amount of time necessary to hand-sort the light fraction (Hastorf & Popper 
1988:21). 
Manual flotation can be a labor intensive, messy, and most significantly, an 
incomplete process. Analyses of the recovery rates for manual flotation demonstrate that 
large quantities of macrobotanical remains are not recovered (Pearsall 2010:94-96; 
Hastorf & Popper 1988:23-25). The rates range from 25% to 70% for the various manual 
flotation systems (Pearsall 2010:95; Hastorf & Popper 1988:24). In contrast, machine-
assisted flotation systems demonstrate significantly higher recovery rates, ranging from 
76% to 96% (Pearsall 2010:95).  
There are three main types of machine-assisted flotation devices: the Ankara 
system, the Shell Mound Archaeological Project system (SMAP), and the commercially 
produced Flote-Tech system. The Ankara system was first described in 1971 by D.H. 
French, and used in Turkey at the Can Hassan III site (Pearsall 2010:23). French believed 
that entire classes of artifacts were being missed by traditional screening, so the Ankara 
was designed as a bulk sieving system to process all soils at the site in order to recover 
the maximum number and classes of artifacts (Pearsall 2010:22-23). The system consists 
of two water tanks situated above the rest of the system to generate water pressure, a 
main box in which soil is placed, and a flot box into which the light fraction is collected 
(Pearsall 2010:23). Water is pumped continuously from a local source into the two 
elevated tanks (Pearsall 2010:23). The system works well, except for the rate of water 
consumption and the lack of transportability (Pearsall 2010:25). These problems were 
solved in later versions with simplification and the addition of water recirculation 
systems (Pearsall 2010:49).  
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The second type of machine-assisted flotation device is the SMAP system. This 
system is very similar to the Ankara system with the exception that it is much smaller and 
more portable (Pearsall 2010:27). The flot box is replaced by sieves that catch the light 
fraction, and a sludge drain is added to prevent build-up (Pearsall 2010:49).  
The culmination of all of these designs is the Flote-Tech system, which is 
commercially produced by R.J. Dausman Technical Services, Inc. The Flote-Tech is a 
fully contained flotation device that can be used in the field or the lab (Pearsall 2010:53-
54). The system features a built-in water pump and settling tank which eliminates the 
need for a close, constant source of water (Pearsall 2010:54). Agitation of the soil is 
accomplished in the main tank by a series of four jets that circulate water beneath the 
soil. Both the heavy fraction and light fraction are collected in removable bins with mesh 
bottoms. The Flote-Tech system not only has a 93% to 96% recovery rate without the use 
of chemicals, but also solves the problem of consistency between projects that use 
differing flotation systems (Pearsall 2010:95; Hastorf and Popper 1988:23-24). 
II.2.2 Applications in Prehistoric Archaeology 
 
In prehistoric archaeology, macrobotanical analysis is commonly included as part 
of the research design. Prehistoric archaeology typically applies macrobotanical analysis 
to the study of subsistence practices among early peoples, the seasonality of settlements, 
and the possible use of plants in ritual or medicines (Struever 1968:353; Pearsall 2010:2). 
Additionally, it is used for paleoenvironmental reconstruction (Gingerich 2011:135). 
Plant remains such as seeds can indicate both what the people were consuming, as well as 
what types of plants the environment of the time period under study supported (Struever 
1968:353; Pearsall 2010:2; Gingerich 2011:127, 135). Hearths are the most common 
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targets for flotation, as they can provide both evidence of subsistence practices and 
information about the paleoenvironment (Gingerich 2011:128; Simmons 1986:76-77; 
Rayner 2001:35; Gremillion 2008:391). Food processing areas are also targeted for 
macrobotanical analysis, as they too can provide dietary information (Rayner 2001:34).  
Subsistence and the environment are two aspects of an archaeological site that 
macrobotanical analysis excels at elucidating. Joseph A.M. Gingerich has noted that in 
Paleoindian studies, it is believed that Paleoindians were either “subsistence ‘specialists’ 
or ‘generalists’” (Gingerich 2011:127). This is used to refer to the argument of whether 
Clovis peoples were strictly big-game hunters, or whether they made use of all resources 
available to them for subsistence (Gingerich 2011:127). This argument has been difficult 
to resolve since plant remains do not preserve well, especially for the Clovis period. 
Gingerich analyzed the macrobotanical remains of a site known as Shawnee-Minisink: a 
Clovis site located in Pennsylvania (Gingerich 2011:128). Two hearths and one soil 
sample not located within a feature were recovered for flotation analysis (Gingerich 
2011:128). The results included hawthorn seeds, hickory nutshell, calcined bone, and the 
charcoal of several tree species (Gingerich 2011:128). These results provided evidence 
that the previous paleoenvironmental reconstruction of the site as a boreal forest was in 
error (Gingerich 2011:135). Rather, it included a mixture of trees, based upon the species 
identification of the charcoal, which included “willow, hawthorn, sweet gum, and oak” 
(Gingerich 2011:135). The presence of large quantities of hawthorn seeds in the hearths 
indicate that plant’s use in subsistence (Gingerich 2011:136). Based solely upon the 
macrobotanical evidence, Gingerich puts forth his opinion that Paleoindians were 
actually generalists, and made use of whatever was available (Gingerich 2011:140). 
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II.2.3 Applications in Historical Archaeology 
 
Unfortunately, no seminal articles currently exist for the application of 
macrobotanical analysis in historical archaeology. This is primarily due to the fact that 
macrobotanical analysis has never been a significant research focus in historical 
archaeology, in contrast to prehistoric archaeology. Macrobotanical analysis has a 
tendency to be considered after the research design has been written, and is almost 
exclusively applied to privies and trash middens (Holm 2013:64-65; Thiel 1998). 
Historical archaeologists are lured to privies because they have the potential to contain 
some of the most interesting artifacts found at a site due to their nature as a depository. In 
addition to fecal remains that may contain information about diet, privies can also contain 
discarded artifacts, either accidentally or intentionally placed (Holm 2013:64). Historical 
archaeologists typically try to find evidence of trade, consumption, and diversity through 
macrobotanical analysis, although a few have stepped out of that framework and 
attempted to examine practices that are considered different than the societal norm for the 
time period under study (Holm 2013:63-64). The evidence of certain food plants where 
no evidence of their local cultivation exists may indicate importation, such as in a mining 
camp, or they can indicate consumer choice due to the difficulty of obtaining them 
relative to other foods (Holm and Taylor 2012:7-9). Macrobotanical analysis can even 
highlight subsistence based upon local foraging that would otherwise have been unknown 
(Shackel 1994). Although macrobotanical analysis is not commonly incorporated as part 
of the research design in historical archaeology of the American West, there exist many 
case studies that demonstrate the applicability of this method on privies and trash 
middens in historical archaeology, including those detailed below.  
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The first example is from an archaeological site in Virginia City, Nevada. The 
importation of goods into the American West is a hallmark of the gold and silver rushes 
of the 19
th
 century. In the rush to lay claim to those resources, people outpaced not only 
the development of supply centers, but also the development of transports networks, such 
as railroads and roads, to bring in supplies (Angel 1881:26-34; Ferrell 1999:27). Virginia 
City, Nevada was established in this environment, and supplying the city required an 
incredible feat that involved the commissioning of toll roads and endless pack mule trains 
over the Sierra Nevada Mountains (Angel 1881:105-106). In 2010, an excavation project 
under Donald Hardesty sought to find evidence of ethnic diversity along a reportedly 
ethnically Cornish neighborhood of Virginia City known as Cornish Row (Holm and 
Taylor 2012:1). Over the course of this project, a privy was encountered and several soil 
samples were collected from it. These soil samples were subjected to flotation, and the 
collected macrobotanical remains were analyzed for the remains of food items that may 
highlight importation and their source (Holm and Taylor 2012:1). The results of the 
analysis included a large quantity of charcoal, eight grape seeds, and a blackberry seed 
(Holm and Taylor 2012:5). It was determined that both the grape seeds and the 
blackberry seed were likely imported, due to the difficulty of growing them in the desert 
environment (Holm and Taylor 2012:7). The likely origination point was determined to 
be either northern California, or the coastal and interior region of California (Holm and 
Taylor 2012:9). The authors note that overall, this project helped to increase knowledge 
of dietary breadth in 19
th
-century Virginia City (Holm and Taylor 2012:10). It thereby 
provides evidence of the market availability of food items that would usually be 
considered rare in a mining town. 
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 A second case study that demonstrates the applicability of this method in 
historical archaeology of the American West is the research performed at the remains of a 
Gold Rush-era store in Sacramento, California that focused on questions of consumer 
choice. The store burned in the fire of 1852, leaving all of its contents in situ (Honeysett 
and Schulz 1990:96). Elizabeth A. Honeysett and Peter D. Schulz collected 48 soil 
samples from the store site, and subjected them to flotation (Honeysett and Schulz 
1990:96-97). Based upon the provenience of the soil samples and their macrobotanical 
contents, the authors were able to reconstruct the floor plan of the store. The placement of 
food items in the floor plan allowed the authors to determine which items were the most 
popular such as coffee beans, based on their prominent location in the store (Honeysett 
and Schulz 1990:101). This analysis has provided invaluable information on diet during 
the height of the California Gold Rush, and a window into early California agriculture 
(Honeysett and Schulz 1990:101). 
 Another case study investigates macroremains from urban privies that were 
subjected to periodic cleanings by dedicated municipal services (Geismar 1993:57). In 
Greenwich Village, located within New York City, Joan Geismar participated in the 




 centuries in order to study 
“…health, sanitation, and diet…” during that time period (1993:57). The results included 
raspberry or blackberry seeds, human parasites, pollen, and household rubbish, such as 
broken serving ware, medicine bottles, and food bottles (Geismar 1993:66-68). To 
answer the article’s title question of “where is the night soil?,” Geismar declares that the 
privies were disinfected and cleaned which prevented the accumulation of deposits, 
although the household rubbish remained (1993:68). 
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II.2.4 Common Research Themes in Macrobotanical Analysis 
 
 Both prehistoric and historical archaeology use macrobotanical analysis to study 
similar aspects of culture. They differ only in the theoretical frameworks under which 
these questions are posed. Macrobotanical analysis within prehistoric archaeology 
typically operates within the general framework of processual theory, and analyzes 
subsistence strategies and past environments. In historical archaeology, macrobotanical 
analysis is viewed through several different theoretical lenses. The analysis of foodways 
can be considered an overarching research focus, under which questions of class, dietary 
breadth, and identity can be applied (Mrozowski 2005:39-30). Class can potentially be 
analyzed through the food remains found in privies and trash middens, although two 
examples available that analyzed privies in this context failed to collect the 
macrobotanical remains (Fitts 1999; Wall 2000:119-120). Dietary breadth can be seen in 
macrobotanical remains, such as with the grape and blackberry seeds found in a privy in 
Virginia City, Nevada (Holm & Taylor 2012:9-10). Questions of identity can also be 
examined by analyzing the remains of plant foods preferred by certain ethnic groups 
(Beaudry 2001:122).  
One author has noted that “the power of industry” in the 19
th
 century could “blur the lines 
between (the) middle-class and working-class,” making the process of differentiating 
class using material culture difficult (Mrozowski 2005:256). Macrobotanical analysis has 
the potential to help with this differentiation through the analysis of class, diet breadth, 
and identity. Macrobotanical analysis is therefore a valuable method that can be used to 
help answer questions based on complex theoretical frameworks, such as class, identity, 
and consumer choice. 
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II.2.5 Research Gaps in Macrobotanical Analysis 
 
 While prehistoric archaeologists generally consider macrobotanical analysis in 
their research design, historical archaeologists are less likely to use it. From my personal 
experience working in private cultural resource management, many projects do not 
include provisions for macrobotanical analysis, or even the collection of soil samples. 
This means that if a privy is encountered in a project area, it is excavated for its artifacts 
alone and the data-rich soil is discarded. Additionally, prehistoric archaeologists have 
experimented with sampling the entire site with excellent results (Struever 1968:353), 
whereas historical archaeologists typically sample only features such as privies and trash 
middens (Holm and Taylor 2012; Halchin 1994; Shackel 1994; Cowie 2011). 
Environmental reconstruction is also lacking; possibly due to the recent nature of 
historical archaeology. 
II.3 Geochemical Analysis 
 
II.3.1 Common Methods 
 
 Geochemical analysis in archaeology began around the same time as the flotation 
method. While some attempts at geochemical analysis were performed as early as the 18
th
 
century in England, the methods currently in use were developed beginning in the 1960s 
(Rapp and Hill 2006:222, 237; Potts and Webb 1992:252). The methods used in 
geochemical analysis vary greatly depending upon what is being analyzed, the budget of 
the project, and the availability of equipment. Instrumental neutron activation analysis is 
one of the most popular methods employed, as well as thermoluminescence, atomic 
absorption, and many others (Rapp and Hill 2006:225). Many of these methods overlap 
in terms of the data that they provide, but they differ widely in cost (Rapp and Hill 
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2006:237). For the purposes of this thesis, three methods of geochemical analysis will be 
addressed: X-ray fluorescence, loss-on-ignition, and scanning electron microscopy with 
energy dispersive spectrometer.  
 X-ray fluorescence (XRF) is a method that provides the elemental composition of 
a material non-destructively, portably, and very quickly (Rapp and Hill 2006:237; Potts 
and Webb 1992:251; Neff, et al. 2012:379). In basic terms, XRF operates by sending a 
beam of x-ray photons onto the material to be analyzed. These x-rays interact with the 
electrons of atoms comprising the material being analyzed, which causes the atoms to 
become excited (Potts and Webb 1992:253). In order to return to a normal state, the 
atoms release energy in what Potts and Webb (1992) term “secondary fluorescence” 
(1992:253-254). This fluorescence corresponds to the atomic number of the specific 
element under analysis, allowing the XRF device to determine its identification (Potts 
and Webb 1992:254; Rapp and Hill 2006:237). Earlier XRF devices were only able to 
measure a small number of elements (Potts and Webb 1992:252). In recent years, XRF 
devices have become more precise and more portable.. 
 Loss-on-ignition (LoI) is a simple method used to determine the proportions of 
organic matter and carbonate present in a soil sample. In LoI, a small portion of the soil 
sample is heated first to 550⁰, then to 950⁰ (Milek and Roberts 2013:1848). These 
temperatures may vary depending upon the protocol being used. The resulting weight of 
the sample is then compared to the pre-LoI weight, with the lost difference making up the 
proportion of the sample that was organic or carbonate (Milek and Roberts 2013:1853). 
 The third method, scanning electron microscopy with energy dispersive 
spectrometer (SEM-EDS), produces data similar to that provided by XRF, and can act as 
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a verification of results. SEM-EDS involves subjecting prepared samples to vacuum in 
order to allow the use of electrons, rather than visible light, to create an image (Seal 
Laboratories 2015a). At the same time, the electron beam causes secondary electrons 
from the inner shells of the atoms of the material being analyzed to be released, which 
destabilizes the atoms. This requires the atoms to take electrons from their outer shells, 
which are higher energy, to regain stabilization. The excess energy is released as x-rays, 
whose wavelengths can then be measured on a spectrum (Seal Laboratories 2015b). The 
two technologies differ in that an EDS is able to detect elements within a small range on 
the periodic table, while an XRF device can detect a wider range of elements. 
II.3.2 Applications in Prehistoric Archaeology 
 
 In archaeology, geochemical analysis has been rather limited in its application, 
and the relatively few common themes support this assessment. The use of geochemical 
analysis in prehistoric archaeology has typically been limited to lithic tool sourcing, 
especially obsidian (Rapp and Hill 2006:225-230). XRF is one of the preferred methods 
in sourcing toolstone (Rapp and Hill 2006:225). The use of XRF to source lithic toolstone 
can be seen in Great Basin archaeology (Smith 2010:866; Rapp and Hill 2006:225). 
Using XRF data compiled for obsidian tools, Geoff Smith evaluated the idea that western 
Nevada comprised one homogenous foraging territory during the terminal 
Pleistocene/early Holocene period (Smith 2010:866-867). His hypothesis is that the 
western region actually comprised two distinct foraging territories based upon the 
observation that lithic tools from northwestern Nevada do not match the geochemistry of 
tools found south of the Black Rock Desert (Smith 2010:874). In fact, the western region 
of Nevada can be separated into two territories; one north of and one south of the Black 
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Rock Desert (Smith 2010:877). The geochemistry supported this hypothesis by proving 
that the toolstone from the northern and southern portions of the western foraging 
territory were acquired from completely different sources (Smith 2010:874). This 
example highlights how geochemical analysis can be used to evaluate theories that would 
otherwise be untestable with other methods. 
II.3.3 Applications in Historical Archaeology 
 
In historical archaeology, geochemical analysis has been used mainly for ceramic 
sourcing and the detection of phosphorus in soils using portable XRF (pXRF). Ceramic 
sourcing can indicate the place of manufacture, although an extensive catalog of 
worldwide source geochemistry would be required to make this application universally 
feasible. Currently, it appears that this practice is still in the conceptual phase (Gilbert et 
al. 1993:17-18). Phosphorus analysis has been utilized in the lab to determine activity 
areas, such as waste disposal areas, based upon the identification of the element in higher 
quantities than the area norm. Recently, however, an interest in the use of pXRF in the 
field has led to experimentation with its applicability beyond the lab (Wilkins 2009:3; 
2010:2). 
 In Europe, archaeologists have begun to employ geochemical analysis to a greater 
extent than in the Americas. Analyses have been performed to determine the composition 
of bricks (Nodarou 2008:2997), the alloys of metals found in both soils and artifacts 
(Cook et al. 2005:805; Pearl and Loiseau-Vonruff 2007:49), and in one case, to determine 
the location and arrangement of activity areas, in this case habitation floors, using 
multiple methods of soil analyses (Milek and Roberts 2013:1845, 1852-1853). For 
example, Karen Milek and Howell Roberts have experimented with a suite of 
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geochemical methods, such as loss-on-ignition, pH, electrical conductivity, magnetic 
susceptibility, and inductively coupled plasma atomic emission spectroscopy (ICP-AES), 
in order to analyze the activity areas of a Viking dwelling in Iceland (Milek and Roberts 
2013:1846). The authors note that, while the methods individually do not add 
significantly to the interpretations of activity areas, when combined, they verify one 
another’s results and provide quantified data for use in site interpretation (Milek and 
Roberts 2013:1863-1864). Additionally, XRF and SEM-EDS have been used to 
determine the composition of pigments used in Roman frescoes found in Spain (Duran et 
al. 2011:2366). These analyses have begun to broaden the spectrum of themes to which 
geochemical analysis can be applied, although they have yet to make their way into the 
mainstream of American historical archaeology. 
 In American historical archaeology attempts have been made to source ceramic 
artifacts using geochemical methods, but with mixed success. In 1993, Allan S. Gilbert 
and colleagues called for the creation of a chemistry archive for sourcing ceramic 
materials from around the world (Gilbert et al. 1993:18). This chemistry archive would 
allow anyone to obtain the chemical composition of ceramic materials, and then compare 
them with chemical signatures stored in the archive in order to learn their place of 
manufacture (Gilbert et al. 1993:17-18). The authors note that the archive is already 
being constructed (Gilbert et al. 1993:18), although a search for updates on the project 
did not return any results. While the idea is admirable, it is likely that the difficulty in 
obtaining a comprehensive comparative collection will prove too great. A more local 
version of this idea was employed by Timothy Scarlett in Utah in the hope of expanding 
the scope of how archaeologists look at “… domestic production, exchange, and 
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consumption…” (Scarlett et al 2007:80). Using instrumental neutron activation analysis 
(INAA), Scarlett and his team were able to analyze the remains of Mormon ceramic 
factories to create a geochemical library that can be used to source Mormon ceramic 
artifacts found in the field (Scarlett et al. 2007:82-94). The results were favorable and 
provided correlation between ceramic artifacts and their source of manufacture (Scarlett 
et al. 2007:89, 90). 
   A more modest, and successful approach has been in the analysis of phosphorus 
in soils using XRF. At the Oval site located within the grounds of the Stratford Hall 
Plantation in Virginia, Andrew Wilkins has applied pXRF to the analysis of phosphorus 
in order to determine the function of suspected activity areas (Wilkins 2010:2; Wilkins 
2009:4). Phosphorus is indicative of organic wastes, such as that from humans, animals, 
and food processing and disposal (Wilkins 2009:19-20; 2010:3-4). The results 
demonstrated low concentrations of phosphorus in an area thought to be the location of 
an old barn used for the storage of tools, which helped confirm the hypothesis (Wilkins 
2010:4). At another portion of the site in which artifacts were concentrated, the 
phosphorus results demonstrated high concentrations (Wilkins 2010:5). The phosphorus 
combined with the artifacts led Wilkins to infer that kitchen waste was disposed in the 
area (Wilkins 2010:5). The success of these results has led researchers to target areas of 
dense phosphorus concentrations for excavation, with promising results (Wilkins 2010:6-
7). While the earlier ceramic analysis by Gilbert and colleagues (1993) appears to have 
been less than fruitful, the application of geochemical methods to phosphorus analysis 




II.3.4 Common Research Themes in Geochemical Analysis 
 
 With its common application to toolstone sourcing in prehistoric archaeology, 
geochemical analysis is used to inform theories of lithic procurement and conveyance 
within the processual framework (Smith 2010:865-866). Historical archaeology in the 
U.S. has not fully embraced the use of geochemical analysis on soils thus far; its use has 
been limited to archaeological prospection (Wilkins 2010:4, 6). Attempts at sourcing 
ceramic artifacts appear to have slowed by the mid-1990s. However, the potential exists 
to help inform interpretations such as healthcare studies, including at the St. Mary’s 
Hospital site described in Chapter 3 of this thesis, specific site activities, such as the 
waste disposal areas discovered by Wilkins (2010:5), features at school sites, such as the 
Stewart Indian School in Chapter 4, the health of miners at the ethnic Chinese settlement 
of Island Mountain in Chapter 5, and many others. Geochemical analysis is only limited 
by the presence of soil at an archaeological site.   
II.3.5 Research Gaps in Geochemical Analysis 
 
 While it is frequently included in prehistoric archaeological investigations, 
historical archaeology has neglected to employ the full potential of geochemical analysis. 
Although privy deposits are often floated for their macrobotanical contents, the soils that 
can provide data on the chemical makeup of the feature are washed away. This data can 
contain the complete elemental makeup of medicines, foods, and other goods and 
materials that were disposed as waste during the period under study. Soil composition is 
an invaluable source of data that is often neglected in archaeology, the discipline that 
invented squeezing data out of dirt. 
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II.4 Conclusion: The Applicability of Macrobotanical and Geochemical 
Analyses in Historical Archaeology 
 
Developed in the 1960s, macrobotanical and geochemical analyses in archaeology 
have progressed significantly. From the development of commercially produced devices 
for flotation, to the increasing array of tools used in geochemical analysis, such as XRF, 
INAA, and SEM-EDS, both methods have made use of ever-improving technology. Both 
methods have been applied to investigations in prehistoric and historical archaeology, 
although the application has not been consistent. Prehistoric archaeology regularly 
incorporates macrobotanical analysis into projects, while historical archaeology employs 
the method irregularly and with poor sampling strategies. The use of geochemical 
analysis is also inconsistent between prehistoric and historical archaeology, and it is 
underutilized as a research method in both branches. Where the methods have been 
employed, however, the results have provided significant data for use in interpretations. 
In the following chapters, I will exhibit the applicability of these methods in 
historical archaeology, demonstrate the wide range of questions that may be posed, and 
illustrate the interesting answers derived from the results. This will be accomplished 
through three case studies from historical archaeology projects in Nevada: the St. Mary’s 
Hospital in Virginia City, the Stewart Indian School in Carson City, and the Island 
Mountain Chinese placer mining camp north of Elko. The St. Mary’s Hospital site 
includes features such as water drainage features, potential fountain features, and burn 
features. The soil analysis of these features will be used to answer questions about feature 
function, healthcare, and diet breadth. The Stewart Indian School site included burn 
features from which soil samples were taken. These analysis results from these features 
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will be used to answer questions about the nature of burn type features, and about the 
chemical composition of slag from these features. The Island Mountain site includes soil 
collected from a single privy feature. Many levels of soil were collected and preserved, 
and soil analyses will be used to answer questions of diet breadth in a remote mining 
camp, commodities and their potential trade, and questions about environmental 
contaminants found in features containing night soils. The Island Mountain privy will 
also be used as an example to explain why soil should be collected from every level of a 





















III. St. Mary’s Hospital Geochemical & Macrobotanical 
Analysis 
 
The site discussed in this chapter is the Saint Mary’s Hospital site (26-ST-446) in 
Virginia City, Nevada, which was test excavated during the summer of 2012 by the 
University of Nevada, Reno Department of Anthropology. Geochemical and 
macrobotanical analyses at St. Mary’s were performed on soil samples collected over the 
course of the excavation.  
III.1 Geochemical Analysis 
 
The geochemical analysis employed x-ray fluorescence (XRF), scanning electron 
microscopy with energy dispersive x-ray spectroscopy (SEM-EDS), and loss-on-ignition 
(LOI). 
St. Mary’s Hospital was the only site of the three case studies in which SEM-EDS was 
used, as it provides data similar to XRF. The results of these data will answer two 
fundamental questions relating to St. Mary’s Hospital: Can these analyses be used to 
confirm the site interpretations presented in the site report; and do the soil samples 
provide evidence of medical technologies associated with the 19
th
 century religious 
hospital or the 20
th
 century secular hospital? The site interpretations suggest that Feature 
2 may have been a drainage or irrigation ditch crossed with a wooden walkway (Machado 
2013:192), Feature 4 may have been a fountain (2013:203-204), and Features 5 and 7 
may have been part of the Beer or Pleasure Garden prior to the construction of the 
hospital (2013:207, 210-211). The results demonstrate that geochemical analysis can in 
fact be used to confirm the site interpretations. Additionally, the results do provide some 
evidence for the possible use of patent medicines at the hospital. 
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III.2 Macrobotanical Analysis 
 
Macrobotanical analysis of St. Mary’s Hospital soils was accomplished using a 
Flote-Tech Model A soil flotation device. The use of macrobotanical analysis at the St. 
Mary’s Hospital site is an attempt to expand upon the typical targets of analysis to 
include suspected water features and drainages. Several questions can be posed for the 
site that may be answered through macrobotanical analysis: Are there anthropogenic 
plants found at the site, and are they historic, prehistoric, or ethnohistoric? If historic 
plants are found in the analysis, can they be used to explain the functions of certain areas 
of the hospital grounds? Finally, can the presence of prehistoric native plants provide an 
explanation for the discovery of Native American artifacts at the site during excavation? 
Through this analysis it will be seen that historic anthropogenic/extralocal plant species 
can provide possible explanations for the functions of test unit Features 2, 4, 5, 6, and 7, 
and that the presence of native food plants may provide an explanation for the presence 
of Native American artifacts at the site. 
III.3 Background of Virginia City 
 
III.3.1 Virginia City 
 
Prior to the discovery of gold and silver, the area supported groups of Northern 
Paiute and Washoe (Machado 2013:30). The groups began inhabiting the area during the 
Clovis Culture period, which was approximately 10,000 years B.P.  
Virginia City in the last half of the 19
th
 century was the economic and cultural 
center of Nevada. It may be useful to view it as the hub of a wagon wheel in which the 
spokes represent goods and people both feeding into and radiating out from it. Its wealth 
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helped build San Francisco, create fortunes, and turn the tide of the Civil War. When its 
usefulness came to an end, the mining moguls discarded the city and left it to decay. 
Its history began with placer miners who would stop along Gold Creek near 
present day Dayton on their way to the gold fields of California. Before making the 
grueling trek up and over the crest of the Sierra Nevada Mountains, the miners would 
take time to resupply and rest along the Carson River at its confluence with Gold Creek 
(Lord 1959:11-14). As placer mining generally takes place along small streams, it was 
natural for the prospectors to test the area (De Quille 1876:26). Small amounts of gold 
would be recovered, but not enough to dissuade them from the legendary riches waiting 
in California (De Quille 1876:26-27). Over time, a seasonal community came into 
existence consisting of those who had tried their luck in the Mother Lode, and found it 
lacking. Remembering the location of Gold Creek, the prospectors returned and 
eventually establish the transient community of Johnstown (De Quille 1876:27).  
Lode gold and silver were discovered in 1859 by prospectors who had begun 
working the mountains above Gold Creek (Bancroft 1981:100-102). Word of the 
discovery spread quickly; and by the end of 1859, the town of Gold Hill was established, 
followed shortly by Virginia City (Lord 1959:63). The path of the lode deposit ran along 
the base of Mt. Davidson from Gold Hill to the north end of Virginia City (Lord 
1959:63). If one looks at a street map of Virginia City (see Figure III-1), it becomes 
apparent that the city streets were laid out parallel to the lode; a result of the mines that 
formed a line along the lode (Lord 1959:63). In the ethnohistoric period for Native 
Americans, which began around this time, Northern Paiute lived in the Virginia Range, 
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and adapted their gathering techniques and other practices around the Euro-American 
miners (Machado 2013:30-31). 
 




Virginia City prospered for many years before starting a gradual fade beginning in 
the late 1870s. By the 1880s, the largest bodies of ore had been exhausted and the city 
began a long decline that lasted into the 1960s (Smith 1998:212-213,229). Popular media 
and tourism led to a revival that has continued to the present (James 1998:261-263). 
III.3.2 Geologic Background of Virginia City 
 
The geologic history of Virginia City dates as far back as the Cretaceous period of 
the Mesozoic era (Hudson et al. 2009b:1-2), although the portion relating directly to the 
Comstock Lode dates only to the middle Miocene epoch (~16 million years ago) of the 
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Cenozoic era (Hudson et al. 2009b:22). During this period, volcanism produced many of 
the different formations that now make up the Virginia Range, which includes Mt. 
Davidson, and the Flowery Range, which includes Flowery Peak. Following the end of 
volcanism, around 14.06 to 14.17 million years ago, faulting began to cause 
mineralization of quartz and other materials which led to the formation of the gold and 
silver deposits of the Comstock Lode (Hudson et al. 2009b:24).  
III.3.3 Virginia City Rock Formations 
 
Hudson and colleagues (2009b) refer to the collection of rock formations 
surrounding Virginia City as the Virginia City suite, which dates from 15.2 to 15.8 
million years ago (Hudson et al. 2009b:22). The Virginia City suite consists of andesite 
and diorite deposits related to a volcano that existed where the city now rests. These 
include the Davidson Diorite pluton (Tdd), scattered hornblende andesite porphyry 
intrusions (Thap), and the Alta Formation andesite (Tva) (see Figure III-2) (Hudson et al. 




Figure III-2. Virginia City geology (Hudson et al. 2009a). 
 
 
Tdd makes up the majority of the material in which the Comstock Lode is found, 
and it is this material that constitutes the hanging wall of the Lode. It has been analyzed 
in mine waste rock from the second Savage Mine (Hudson et al. 2009b:13). Thap is a 
green or light brown colored andesite that formed around 14.53 million years ago, and 
appears in intrusions within Tdd. It is sometimes found to cut into the Tdd, leading to its 
inclusion in the Virginia City suite despite its younger age (Hudson et al. 2009a). Tva is a 
hydrothermally altered andesite that is found deposited as thick as one kilometer, and 
underlies a large portion of the region. It was named for the location of its discovery, 
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which was the Alta Mine in Silver City in 1936 (Hudson et al. 2009b:12). These three 
members of the Virginia City suite represent the available parent material for the soils 
under St. Mary’s Hospital, which are Holocene young alluvium deposits (Qa1) (see 
Figure III-3) eroded from the surrounding mountains (Hudson et al. 2009a). Qa1 can be 
found immediately underlying Virginia City, although it may be difficult to find any 
portion of it that has not been anthropogenically altered during the historic mining period.  
 




Based upon the topography of Virginia City, the most likely source of parent 
material for Qa1 is Tdd: the Davidson Diorite pluton (Hudson et al. 2009a). Small 
percentages of Tva and Thap may also be present based on small outcrops visible in 
Figure III-2. Additionally, it is possible that waste rock from the largest mines, all located 
above St. Mary’s Hospital, may also have had an influence on the soil (Hudson et al. 
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2009a). In addition, the hospital is located near the sites of several historic ore mills 
which sent their waste down Six Mile Canyon (De Quille 1876:145). The site may have 
been saved from most of this anthropogenic contamination due to its location atop a hill 
(Machado 2013:2). 
III.4 Background of St. Mary’s Hospital and its Excavation 
III.4.1 St. Mary’s Hospital 
 
In order to fulfill a need for medical care in Virginia City, St. Mary’s Hospital 
was established in 1875 by the Daughters of Charity, a Catholic society devoted to 
service (Machado 2013:55-56). The hospital was constructed on the grounds of an earlier 
beer or pleasure garden whose proprietor had died in an accidental explosion in his 
residence on B Street (James 1998:130). Construction coincided with the aftermath of the 
Great Fire of 1875 in which most of Virginia City burned to the ground (James 1998:111-
117). Historic photos show its construction also coinciding with that of the Fourth Ward 
School on C Street. The hospital provided medical care to miners, charging just $1 per 
month in the form of health insurance (Hannefin 1989:147).  
St. Mary’s was run by the Daughters of Charity until 1897, when it was 
determined that the declining fortunes of Virginia City no longer necessitated their 
presence or expenditure of resources, among other reasons (Hannefin 1989:148). The 
hospital was subsequently purchased and run by Storey County as a county hospital, and 
operated until 1944 (Machado 2013:57). For years the hospital building sat abandoned 
until it was purchased, restored, and operated as an artist’s retreat in the 1960s (Machado 
2013:57-58). It continues to operate today, catering not only to artists, but to companies 
seeking a corporate retreat. 
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III.4.2 Site Excavation 
 
Because the hospital building still exists, only the grounds around it were 
excavated. It was considered a test excavation since only certain excavation units were 
opened based upon ground-penetrating radar (GPR) data (Lisa Machado, personal 
communication, February 25, 2013). When GPR was performed, the site around the 
hospital buildings was divided into grids, and each was given a letter designation or name 
(Machado 2013:38-39). Grids A, B, G, and the Gravel Grid were investigated with 
excavation units (Machado 2013:39). An additional area, a trash midden, outside of the 
grids was the focus of a surface collection and a can inventory (Machado 2013:191, 195). 
Significant for this paper, soil samples were collected from units in Grids A and B, and 
the Gravel Grid for later laboratory analysis.  
The soil samples were collected from units that contained unusual soils in the 
hope of recovering botanical remains and yielding geochemical data of the soil. This may 
help to infer site formation processes or activities that were conducted in those areas. The 
samples included soils suspected to be ash layers, fill material, and dark soils which may 
contain anthropogenic organic matter. The samples were collected in appropriate soil 
sample bags in order to allow them to breathe and dry without damaging the materials, 
and assigned a field bag number; this was later replaced by a lab bag number and set 
aside for later analysis (Lisa Machado, personal communication, February 25, 2013).  
III.5 Unit and Soil Sample Descriptions 
 
Soil samples were collected only from certain features during the excavation 
which were thought to have the potential to yield more information in the lab (Lisa 
Machado, personal communication, February 25, 2013). Ten samples were collected in 
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total. Two samples were collected from Feature 2 in Test Unit 4; two samples were 
collected from Feature 4 in Test Unit 8; one sample was collected from Feature 5 in both 
Test Units 9 and 12; one sample was collected from Feature 5 in Test Unit 12 alone; two 
samples were collected from Feature 4 in Test Unit 13, and two samples were collected 
from Feature 7 in Test Unit 14. These test units were located in two of the grids set up 
within the site: Grid A and the Gravel Grid (Figure III-4).  
 
Figure III-4. St. Mary’s Hospital site map (Machado 2013:6) 
 
 
III.5.1 Excavation Grids 
 
Grid A was located behind the laundry building and was targeted for excavation 
based on GPR data (Machado 2013:38). Test Unit 4 was located within Grid A. The 
Gravel Grid was located in the driveway in front of the hospital building. This grid was 
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also targeted for excavation based upon GPR data, which indicated several anomalies 
beneath the surface (Machado 2013:38). Test Units 8, 9, 12, 13, and 14 were located 
within the Gravel Grid. 
III.5.2 Test Excavation Units 
 
According to Machado (2013), Test Unit 4 in Grid A was placed over an anomaly 
identified by GPR as an L-shaped disturbance. In addition, dark surface sediments 
indicated a burn pile may have been placed there in the past. Six strata and two features 
were identified in 52 cm of depth, along with many historic artifacts below Level 3 
(Machado 2013:74). This unit included Features 1 and 2. Feature 1 was a scatter of bricks 
found on the surface, in and around the unit (76). Feature 2 consisted of milled lumber 
pine boards held together with wire nails, and was likely the source of the GPR anomaly 
(Machado 2013:76-77). Below Feature 2, a channel possibly associated with Feature 2 
was uncovered (Machado 2013:77). The channel contained many artifacts, some of them 
water-worn. The feature was determined to possibly be a water feature of some type, with 
the milled lumber being used as a culvert or a possible foot-bridge (Machado 2013:77). 
Soil sample #43 was taken from under Feature 2. A second soil sample, #36, was taken 
from the feature pedestal in Level 5. 
Test Units 8 and 13 in the Gravel Grid were part of three conjoined units: Test 
Units 7, 8, and 13. According to Machado (2013), they were collectively labeled Feature 
4 and formed a 1 meter by 3 meter trench (Machado 2013:82). Test Unit 8 was the 
middle unit in the sequence, followed by Test Unit 13 on the north end. Feature 4 was a 
large, circular pit feature identified with GPR during survey (Machado 2013:82). The 
feature was visible on the surface in the form of a ring of rocks that were flush with the 
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driveway (Machado 2013:82). Also visible in the GPR data was a linear object 
transecting the circular feature (Machado 2013:83). During excavation, a second circular 
feature was found within Feature 4, as well as small post holes which were thought to be 
aids in the construction of the feature (Machado 2013:83). The linear object in the GPR 
data was a ferrous pipe bisecting Feature 4 (Machado 2013:83-84). A second pipe, 
composed of lead, was found in the sidewall of Test Unit 8 (Machado 2013:83). Feature 
4 contained a wide variety of artifacts, including lithic flakes, plaster cast fragments, and 
part of a thermometer (Machado 2013:84). Four soil samples were collected from Feature 
4. Soil samples #50 and #51 were collected from Level 2 of Test Unit 8. Soil samples 
#107 and #108 were collected from Level 2 of Test Unit 13. 
Test Units 9 and 12 in the Gravel Grid were combined to create a 1 meter by 2 
meter unit; these units investigated Feature 5, a second circular feature that was 
discovered using GPR data (Machado 2013:87). The combined test units produced seven 
strata spanning 51 cm of depth, and uncovered Feature 3; a small pocket of clay that has 
been interpreted as a possible post hole (Machado 2013:87-88). The first six strata may 
represent separate fill episodes in order to create a level surface for the hospital’s 
driveway (Machado 2013:88). Many artifacts were recovered from these units; including 
charcoal, coal, glass fragments, cut nails, oyster shell and a stoneware bottle fragment 
(Machado 2013:89). Two soil samples were also collected from these units. Soil sample 
#101 was collected from both Test Units 9 and 12, while soil sample #92 was collected 
from Level 3 of Test Unit 12. 
Test Unit 14 in the Gravel Grid was placed over a GPR anomaly and uncovered 
Features 6 and 7 (Machado 2013:98). The unit produced six strata in 49 cm of depth. 
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Feature 6 was a post hole measuring 20 to 24 cm in diameter, and contained some wood 
fragments (Machado 2013:100). Feature 7 was a circular pit feature that bisected the unit 
(Machado 2013:102). The unit was divided into two zones; Zone A encompassed the 
interior of Feature 7, while Zone B encompassed the exterior of Feature 7 (Machado 
2013:102). Many artifacts were found within Feature 7, including an obsidian flake, 
“faunal remains, architectural materials, white improved eathenware, charcoal, glass 
fragments, metal fragments, plaster, paint, oyster shell, a shotshell husk, tacks, and tape” 
(Machado 2013:102). Two soil samples were collected from this unit; Soil Samples #70 
from Zone A, and #71 from Zone B; both associated with Feature 7. 
 
III.5.3 Soil Samples 
 
Each soil sample was identified in three ways; a Field Bag number which was 
assigned in the field, later discarded when Lab Bag numbers were assigned, and a 
Catalog number which was assigned in conjunction with the Lab Bag number. Soil 
Sample numbers used in this thesis will refer to the Lab Bag number for simplicity. All 
Munsell soil colors were determined with dry soil in laboratory conditions. See Table III-
































III.6 Geochemical Analysis 
 For the analysis of the St. Mary’s Hospital soil samples, three methods were 
employed; XRF, SEM-EDS, and LOI. Due to time constraints, only four samples were 
subjected to SEM-EDS, but the results of those four provide an adequate comparison for 
assessing the effectiveness of the method. Additionally, statistical analyses were 
completed for selected chemical elements in each soil sample using the mean and 
standard deviation of control sample chemical elements in order to determine significant 
differences. Refer to Appendix A for results. 
III.6.1 X-Ray Fluorescence (XRF) 
 
 The results of the XRF analysis provide excellent evidence for the presence of 
anthropogenic soil chemistry at St. Mary’s Hospital. In order to provide an accurate 
comparison of the soils, the results were compared to the geochemistry of the Virginia 
City suite; Tdd, Thap, and Tva (See Figure 2). While each of these formations is 
comprised of relatively equal material, Tdd is probably closest to the natural soil as it is 
the most likely source of material for Qa1, upon which St. Mary’s Hospital rests (Hudson 
et al. 2009a). Additionally, three control samples were collected from the north, south, 
and east edges of the site in order to provide further comparison. In order to simplify the 
results, they will be presented sample by sample. The levels of each element are 
compared to the natural geologic background reported by Hudson and colleagues 
(2009b:28, 30), and the three control samples collected from the site. Refer to Appendix 
A for a table comparison of soil and control sample chemical elements. 
 When compared to the natural background materials of Virginia City, the XRF 
results cause several possibly anthropogenic geochemicals to stand out. Some of these 
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anthropogenic geochemicals may be present in the natural geochemistry, but their 
increased quantity in the samples suggests human influence. Conversely, some of these 
elements may be present in the same quantities in the control samples, but be absent from 
the natural geochemistry, which suggests that soil contamination with anthropogenic 
geochemicals may be widespread throughout the site. 
III.6.2 Scanning Electron Microscopy with Energy Dispersive X-ray Spectroscopy 
(SEM-EDS) 
 
 The SEM-EDS analysis was used on four soil samples in order to determine 
whether the method could provide confirmation of the XRF results, and to determine 
what additional chemical elements may be present outside of the range of what the XRF 
device could reveal. Each of the four samples has two analyses; one for each grain size 
category (Table III-2).  
 
Table III-2. SEM-EDS results. 
 
 
 Each sample contained approximately the same amounts of aluminum, except for 
Soil Sample #92 which contained about 5 to 7 percent less aluminum by weight. Silicon 
was slightly less abundant in Soil Sample #43, and there was far less in Soil Sample #92. 
Potassium remained relatively constant in the first three samples, but dropped 
significantly in Soil Sample #92. Calcium averaged low quantities in all sample except 
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for Soil Sample #92, in which calcium supplanted silicon as the dominant element. Iron 
varied between 18 and 12% over the first three samples, but drop to 5.9 and 9.1%in Soil 
Sample #92. The final element, magnesium, was found in every sample except Soil 
Sample #101. In Soil Sample #92, magnesium is present in the under 250 micron 
category, but in a small quantity.  
 The calcium results for Soil Sample #92 are significant, and correlate well with 
the XRF data. The lower amounts of iron and potassium are also confirmed by the XRF 
data. 
III.6.3 Loss-on-Ignition (LOI) 
 
 In order to facilitate examination of the LOI analysis, the results will be listed in 
percentages rather than grams, because not every sample contained the same amount of 
soil. Each sample was subjected to two furnace firings; one to ignite organic matter, and 
one to ignite carbonate (Table III-3). 
 
Table III-3. Loss-on-Ignition results. 
 
 
Soil Samples #43 and #92 stand out among the others when looking at the 
combined weight content of organic matter and carbonate. Additionally, Soil Samples 
#71 and #101 appear to have contained a large amount of organic matter relative to other 
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samples. Soil Samples #50 and #70 contained a large amount of carbonate, while Soil 
Sample #108 contained very little. 
III.6.4 Elements of Anthropogenic Origin 
 
 Based upon the XRF analysis, compared with the data provided for the Virginia 
City suite of geologic formations (Hudson et al. 2009a & 2009b) and the three control 
samples, several elements found at St. Mary’s Hospital are potentially anthropogenic. 
These elements are arsenic, mercury, lead, cobalt, zinc, bismuth, nickel, calcium, barium, 
and uranium. These elements occurred either in a low number of soil samples, as spikes 
in the observed levels relative to other samples, or are completely absent from any of the 
potential natural soil sources (Tva, Tbb, and Thap) or control samples. 
III.7 Interpretations 
 
 This section demonstrates how the soil samples from various features do or do not 
support the site interpretations presented in the site report (Machado 2013). The section 





 century medical practices. These will be discussed below by feature.  
III.7.1 Can these analyses be used to confirm the site interpretations presented in 
the site report? 
 
III.7.1.1 Feature 2 
 
 This feature was located in Grid A of the site and was investigated in Test Unit 4. 
This test unit includes Soil Samples #43 and #36. Feature 2 was interpreted as a possible 
drainage or irrigation ditch that may have been crossed with a wooden cover for a 
walkway (Machado 2013:192). Geochemical analysis of the two soil samples associated 
with this feature may support this interpretation and offer further insight into its function. 
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Soil Sample #43, which was collected directly beneath the wood and within the ditch in 
Feature 2, contained the highest levels of arsenic, mercury, and lead found in the St. 
Mary’s Hospital site. Soil Sample #36, collected from the bottom of the possible 
drainage/irrigation ditch, contained arsenic and lead, albeit in lower quantities than Soil 
Sample #43. The sample also contained bismuth; one of only two samples to have the 
element. The presence of these elements in the lower portion of the site indicates two 
possible explanations, both of which support a water association. 
 While these results are very preliminary, the first possibility may be that the ditch 
functioned as a drain for the laundry building that is located upslope from Feature 2 
(Machado 2013:61). As miners and mill workers were admitted as patients, the clothes 
that they arrived with would have likely been washed, and the grey water may have 
traveled through the ditch and away from the hospital. Two of the elements found in the 
soil samples, mercury and lead, would have been common in association with mining and 
milling. Mercury was used in ore mills to amalgamate with gold in order to make it easier 
to recover (Lord 1959:81-82; Young 1970:281). Lead is commonly found in silver 
bearing ores and must be separated during the milling process (Young 1970:282). The 
process of adding mercury to the ore would have caused spillage or splashes which may 
have stuck to the workers clothing to be removed at the hospital laundry after an accident. 
The grey water may have carried the heavy metals downslope and through Feature 2.  
The second possibility follows the first in positing that the drainage/irrigation 
ditch may have provided drainage for the laundry building. However, in addition to 
draining grey water, old medicines or medicines that may have spilled onto fabrics could 
have entered the drainage. Bismuth, arsenic, mercury, and lead have been used in 
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medicines in the past. Arsenic was used in small doses during the last half of the 19
th
 
century, and until 1945 in the 20
th
 century, to treat syphilis and rheumatism (Agnew 
2010:92, 102, 231). The record book for St. Mary’s Hospital indicates that patients were 
treated for rheumatism (St. Louisa’s Hospital 1876-1897). Mercury was used as a “cure” 
for several different conditions, such as typhoid and cholera, and it was basically used for 
any type of fever (Agnew 2010:102). It was administered as a medicine called calomel, 
and had numerous negative side effects (Agnew 2010:102-103). Several of the entries in 
the St. Mary’s record book indicate patients with typhoid, various fevers, diarrhea, and 
gastritis; all were treatable with mercury (St. Louisa’s Hospital 1876-1897). Lead was 
used in the form of lead acetate, or sugar of lead, to treat inflammations, which include 
sprains (Agnew 2010:232). The St. Mary’s record book lists instances of sprains and 
inflammations (St. Louisa’s Hospital 1876-1897). Finally, bismuth was, and still is, the 
main ingredient in Pepto-Bismol. Pepto-Bismol was created by a doctor in New York in 
1900 after hearing of the variety of uses of bismuth in Europe (Bierer 1990:S3). Because 
of its late date, the presence of bismuth may be evidence of the Storey County Hospital 
era, which would support the early 20
th
 century estimate for the age of the wood in 
Feature 2, based on the presence of wire nails (Machado 2013:191). Both of those 
hypotheses support the interpretation of Feature 2 as being associated with water. 
III.7.1.2 Feature 4 
 This feature was located in the Gravel Grid and investigated in Test Units 7, 8, 
and 13. Soil Samples #50, #51, #107, and #108 were collected from this feature. Feature 
4 consists of a circular pit that has been tentatively interpreted as the remains of a 
fountain associated with St. Mary’s Hospital (Machado 2013:203-204). The results of 
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geochemical analysis are unclear on whether they support this interpretation. Arsenic, 
lead, mercury, and uranium were found in this feature, which may indicate a later fill 
episode with rubbish from the hospital. A broken thermometer was found in Test Unit 13, 
which may be related to the mercury found in Soil Sample #107. A lead pipe was 
uncovered in Feature 4, which may indicate the elevated levels of lead found in the 
feature. The presence of elevated levels of arsenic may indicate discard of medicine in 
the fill. The presence of uranium is an oddity, with no easy explanation. A hypothesis 
could be developed based on the use of uranium in glass coloring and ceramic glazes in 
the early part of the 20
th
 century (Landa and Councell 1992:343). Radium is an element 
derived from uranium ore, which, prior to the advent of nuclear energy and weapons, was 
considered waste material (Landa and Councell 1992:343). This waste uranium was sold 
to glass and ceramic makers for use in their wares. A possible source of the uranium may 
be from ceramics, as it has been shown to leach out at 10,000 times the amount that it 
leaches from glass (Landa and Councell 1992:343). Unfortunately, the geochemical 
analysis could neither confirm nor deny the original interpretation of Feature 4, although 
it did provide chemical evidence of some of the artifacts that were uncovered.  
III.7.1.3 Feature 5 
 
 Feature 5 was located in the Gravel Grid and investigated in Test Units 9 and 12. 
Soil Samples #101 and #92 were collected from the feature. Feature 5 was a circular pit 
feature whose function was undetermined in the archaeological analysis (Machado 
2013:207). Based on many of the artifacts recovered, it has been proposed that the feature 
may actually predate the hospital and be a remainder of the Beer Garden or Pleasure 
Garden that existed prior to 1875, and a later refuse dump (Machado 2013:207). Arsenic, 
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bismuth, and calcium were found in relatively high quantities in the soil samples from 
this feature. The source of the arsenic and bismuth may be related to one of the fill 
episodes in the form of discarded medicines. The calcium, however, indicates as least one 
function of the feature. Calcium was found in extremely high quantities in Feature 5. In 
addition, the LOI analysis indicates that a large percent of carbonate was burned off at 
900° in Soil Sample #92: the source of the calcium. Additionally, the SEM-EDS analysis 
indicated that calcium was the most abundant material in the soil sample. When 
combined, these results indicate that the material is calcium carbonate; the primary 
component of ash. This allows the feature to be at least partially interpreted as a burn pile 
at some time in the past, or as a pit where ash was disposed, supporting the original 
interpretation of a trash dump. 
III.7.1.4 Feature 7 
 
 Feature 7 was located in the Gravel Grid and investigated in Test Unit 14. Soil 
Samples #70 and #71 were collected from this feature. Feature 7 was another circular pit 
feature which was filled with architectural materials (Machado 2013:209). A post hole 
was found within the same unit which likely dates to the Beer Garden or Pleasure Garden 
era (Machado 2013:210). The general interpretation is that the feature predates the 
hospital and provides evidence of the Beer Garden or Pleasure Garden (Machado 
2013:210-211). Arsenic is the only element that can provide information about the 
geochemistry of the feature. The levels of the element are relatively low, which could 
indicate some discard of medicines containing the element during a fill event (Agnew 
2010:92). Unfortunately, there is insufficient geochemical evidence to support or refute 
the original interpretation.  
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III.7.2 Do the soil samples provide evidence of medical technologies associated with 
the 19
th
 century religious hospital or the 20
th
 century secular hospital?  
 
Although the results are preliminary, evidence of 19
th
 century medical technology 
may be inferred from the presence of the elements mercury, lead, and possibly bismuth in 
the hospital site. These elements were commonly found in patent medicines of the time, 
and they could have been used by the religious hospital in the treatment of various 
ailments and illnesses until the Daughters of Charity left Virginia City in 1897 (Agnew 
2010:91-92, 102, 231-232; Machado 2013:57; St. Louisa’s Hospital 1876-1897). 
Evidence of the 20
th
 century secular hospital may be found in the possible use of Pepto-
Bismol at the site based on the presence of bismuth. Pepto-Bismol was created in 1900 
(Bierer 1990:S3). Arsenic was used in both the last half of the 19
th
 century and the first 
half of the 20
th




 century usage at the 
hospital (Agnew 2010:92). Because of the lack of stratigraphic variation at the site, these 
geochemicals may be the only evidence of medical technologies that can potentially be 
associated with one time period or the other. 
III.8 Macrobotanical Analysis 
 
Flotation of the St. Mary’s Hospital soil samples was accomplished using a Flote-
Tech Model A soil flotation machine built by R. J. Dausman Technical Services, Inc. 
Flotation produced a light, and a heavy fraction of soil for each sample. 
III.8.1 Heavy Fraction 
 






Table III-4. Heavy fraction results. 
 
 
III.8.2 Light Fraction 
 
 Soil Sample #43 yielded a variety of floral remains. Wood fragments from milled 
lumber were found, as well as charcoal fragments. Two cheat grass florets were 
recovered from the sample that show no evidence of having been buried, indicating that 
they likely fell into the unit during excavation. Cheat grass is from the grass family, 
Poaceae, the genus Bromus L., and the species Bromus tectorum L. (USDA, NRCS 
2013). Originating in Europe, cheat grass made its way to the United States in the late 
19
th
 century (USDA, NRCS 2013). Since that time it has established itself as one of the 
most invasive and destructive plant species in the western United States, and it is 
classified as a noxious weed (USDA, NRCS 2013). A total of 65 seeds and seed 
fragments were recovered from Soil Sample #43, several of which were unidentified. See 
the “Discussion” below for the scientific names for these species. Nevada goosefoot was 
the most common seed at a count of 37, followed by knotweed at a count of 10. Three 
raspberry seeds were recovered, as well as three tickseeds, and three desert globemallow 
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seeds. One prostrate pigweed seed was recovered. Also found was a poppy seed that 
appears to be a common poppy, although damage makes identification difficult. 
 Soil Sample #36 contained charcoal fragments, grass stems that fell into the test 
unit during excavation, and seven seeds. Four of the seeds were unidentified. Two seeds 
were Nevada goosefoot, while last seed was knotweed. 
 Soil Sample #108 contained plastic fragments, charcoal and burned wood 
fragments, wood fragments, and eleven seeds along with three seed fragments. Three of 
the seeds were Nevada goosefoot, two were unidentified class III seeds, one was a 
common poppy, one was tickseed, and the last four were knotweed. 
 Soil Sample #107 contained charcoal fragments, wood fragments, and five seeds. 
Two of the seeds were Nevada goosefoot; two other seeds were knotweed, and the final 
seed was an unidentified class I seed.  
 Soil Sample #70 contained a cheat grass floret which likely fell into the test unit 
during excavation, several grass stem fragments from the surface, charcoal fragments, 
wood fragments, and six seeds. Two of the seeds were Nevada goosefoot; three seeds 
were unidentified class I, and one seed was knotweed. Additionally, a small juniper 






Figure III-5. Juniper. Photograph by author. 
 
 
 Soil Sample #71 contained bone fragments, wood fragments, charcoal and cinder 
fragments, plastic fragments, and three seeds. Two seeds were Nevada goosefoot, while 
the third seed was knotweed. 
 Soil Sample #51 contained wood fragments and six seeds. Two seeds were 
Nevada goosefoot, while the other four seeds were unidentified. 
 Soil Sample #50 contained wood fragments that appear to have been from milled 
lumber, but no seeds. 
 Soil Sample #92 contained a glass fragment, charcoal and cinder fragments, 
wood fragments, and burned bone, but no seeds. 









 Nevada goosefoot (Figure III-6) is from the family Chenopodiaceae, genus 
Chenopodium L., and species Chenopodium nevadense (USDA, NRCS 2013; Holmgren 
et al. 2012:484). Nevada goosefoot, considered a weedy plant, is found only in the Great 
Basin and parts of southeastern California, and it is listed as the only member of 
Chenopodium that is endemic to a specific region (Holmgren et al. 2013:484). While its 
use at the Saint Mary’s Hospital site can only be speculation, several species of 
Chenopodium have been associated with Native American foods and medicines (Foster 
and Hobbs 2002:239-240; Tilford 1997:88; Gremillion 2004:216; McGuire and 
Hildebrandt 2005:703; Minnis 1989:548). The medicinal uses appear to be most 
commonly associated with the prevention and elimination of parasitic worms, and 
involve the use of the seeds of the plants (Tilford 1997:89; Foster and Hobbs 2002:240; 
Minnis 1989:548). Goosefoot is listed as a commonly processed seed food source for 
Native Americans by McGuire and Hildebrandt (2005:703), and seeds have been found 
associated with night soils from many southwestern archaeological sites such as Mesa 
Verde (Minnis 1989:552). Unfortunately, no records specifically naming Chenopodium 
nevadense could be found, although the similarity among Chenopodium seeds may 





Figure III-6. Nevada Goosefoot. Photograph by author. 
 
 
 Knotweed (Figure III-7) is from the Polygonaceae family, and the genus 
Polygonum. The most likely species is Polygonum aviculare L., commonly known as 
prostrate knotweed, which is considered a weedy plant (USDA, NRCS 2013; Martin and 
Barkley1961:150; Foster and Hobbs 2002:235). Prostrate knotweed is found in nearly 
every corner of North America, and lives in dry, compacted soils (USDA, NRCS 2013; 
Foster and Hobbs 2002:235). As with Chenopodium, the use of Polygonum at the Saint 
Mary’s Hospital site is only speculation. The plant is native to Eurasia and was originally 
used to treat intestinal problems and internal bleeding (Foster and Hobbs 2002:235). 
According to Foster and Hobbs (2002) prostrate knotweed was also used by Native 
Americans to treat urinary tract problems, and additionally by the Chinese to treat worms 





Figure III-7. Knotweed. Photograph by author. 
 
 
 Three raspberry seeds were recovered from Soil Sample #43; raspberry bushes are 
plants that are unequivocally anthropogenic. Raspberry (Figure III-8) is from the 
Rosaceae family, the genus Rubus, and the species Rubus idaeus (USDA, NRCS 2013). 
Raspberries are found throughout most of the United States, with the exception of the 
South (USDA, NRCS 2013). As noted by Moore (1979:138) raspberries are an easy fruit 
to preserve, and preserves were the most likely source of these three seeds. In addition, 
raspberry leaves have traditionally been used medicinally in teas for the treatment of 






Figure III-8. Raspberry. Photograph by author. 
 
 
 Another member of Chenopodiaceae was recovered from Soil Sample #43; a 
plant commonly known as tickseed (Figures III-9 and III-10). Tickseed is from the family 
Chenopodiaceae, the genus Corispermum, and the species Corispermum hyssopifolium 
(Collection of David Rhode 2013). No data associated with the potential anthropogenic 
uses of the Corispermum genus of tickseed could be found, although it was introduced 











Figure III-10. Tickseed. Photograph by author. 
 
 
 Desert globemallow (Figure III-11) is only found in the far southwestern states of 
the U.S.; California, Nevada, Utah, and Arizona (USDA, NRCS 2013; Baldwin, et al. 
2002:375). It belongs to the Malvaceae family, the genus Sphaeralcea, and the species 
Sphaeralcea ambigua (Baldwin, et al. 2002:370, 374-375; USDA, NRCS 2013). The 
plant is a desert shrub perennial that produces appealing flowers (Baldwin, et al. 
2002:374). It is native to deserts of the southwestern U.S., and as such it is useful for 
landscaping in dry conditions (Master Gardeners of UA 2013). The Shoshoni had several 
medicinal tea uses for the plant, including an upset stomach remedy (roots), a rheumatism 
treatment (roots), birth control (roots), a cold remedy (leaves), and an eyewash (leaves) 






Figure III-11. Desert Globemallow. Photograph by author. 
 
 
 Prostrate Pigweed (Figure III-12) is a member of the Amaranthaceae family, the 
genus Amaranthus, and the species Amaranthus blitoides (Holmgren et al. 2012:560; 
Baldwin et al. 2002:83). Several species, including A. blitoides, are native to North 
America, with several species having been used as a seed food source and ceremonial 
item by several Native American groups, although no groups in Nevada were mentioned 
(Moerman 2013). Pigweed seeds in general are considered very nutritious, and are 
recognized as useful grains, with varieties being cultivated in developing countries in the 






Figure III-12. Prostrate Pigweed. Photograph by author. 
 
 
 Common poppies (Figure III-13) are from the Papaveraceae family, the genus 
Papaver, and the species Papaver somniferum (Holmgren et al. 2012:28, 32; USDA, 
NRCS 2013). They are also known as opium poppies due to their ability to produce 
opium (Holmgren et al. 2012:32). Common poppies originated in the Middle East, and 
have traveled with human populations to most of the world where they have become 
naturalized (Holmgren et al. 2012:32). All human cultures with access to common 
poppies have used them both medicinally and recreationally (Agnew 2010:103). Opium 
consists of twenty-five alkaloids within a mass of latex produced by the plant, which is 
lanced in order to collect fluid (Holmgren et al. 2012:32; Agnew 2010:105). Medicinal 
uses of opium have included morphine, laudanum, heroin, and codeine (Agnew 
2010:105-106; Holmgren et al. 2012:32). All but codeine has been historically used or 
abused as a recreational drug, and opium itself was popular in opium dens in the 19
th
 
century American West (Agnew 2010:104-105). In addition to the medicinal and 
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recreational uses, common poppy seeds have also been used in foods as a flavor additive, 
and as a source of oil for both cooking and industrial uses (Holmgren et al. 2012:32). 
 
 
Figure III-13. Common Poppy. Photograph by author. 
 
 
 Two anthropogenic seed types found at the St. Mary’s Hospital site provide direct 
evidence for importation and use in Virginia City: raspberry and common poppy. What 
are the possible reasons for their presence at the site? Raspberries are a very common and 
popular fruit, and have traditionally been processed as preserves (Moore 1979:138). 
However, their presence at the hospital site is somewhat puzzling, as the building had 
indoor plumbing with access to the city sewer system. While they are by no means 
conclusive, two possible explanations may solve this problem. First, it is possible that 
Test Unit 4, Feature 2, from which Soil Sample #43 came from, was a sump for the 
laundry building located just up the hill. This would explain the presence of the raspberry 
seeds as waste from clothing. Second, it is possible that Test Unit 4 was the location of a 
compost pile for the hospital. It is known that the hospital maintained gardens that would 
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have required a lot of maintenance in the desert environment of Virginia City (Machado 
2013:56). This would have included soil maintenance. An easy way to provide nutrient-
rich soils to plants is to have a compost pile using food waste from the hospital.  
 There are also two possibilities for the presence of common poppies at the site. 
The first possibility is that they were simply part of the landscaping around the hospital. 
The second possibility is that the hospital intentionally grew the poppies in order to 
harvest opium and produce morphine for use at the hospital.
 
Nineteenth century morphine 
was simple to manufacture; the opium was harvested, dried, and then applied directly to 
wounds as needed (Agnew 2010:105; Holmgren et al. 2012:32). Since Virginia City was 
located far from manufacturing centers in general, it may have made sense for the 
hospital to maintain their own supply by cultivating poppies. 
 Although it is purely speculation, some of these seeds may also be the result of 
prehistoric or ethnohistoric use of plants at the site. The St. Mary’s Hospital site produced 
several prehistoric or ethnohistoric artifacts during excavation. This raises a question 
about the presence of Native Americans at the site prior to the contact period: why would 
Native Americans choose the area for activities? What resources would have drawn them 
into the Virginia Range, and more specifically, onto the hill which later would become 
St. Mary’s Hospital? The presence of several native plant species that are known to have 
been used for food or medicines may provide a possible answer: the location may have 
been a plentiful resource patch that was ripe for exploitation. Nearly every identified seed 
type found at the site, with the exception of the historic era seeds, was usable to Native 
Americans, and in a desert environment in which every resource is precious, these plants 





The results of both the geochemical and macrobotanical analyses of the St. 
Mary’s Hospital soil samples provided a large amount of data that would otherwise have 
been unavailable to the project. Each type of analysis either supported or provided 
additional possibilities for the site interpretations.  
Through geochemical analysis, the functions of the features presented in the site 





 centuries, such as patent medicines, may possibly be seen in the 
geochemical results. The results of the geochemical analyses provided by x-ray 
fluorescence, scanning electron microscopy with energy dispersive x-ray spectroscopy, 
and loss-on-ignition lent evidence to the interpretation of Feature 2 as a 
drainage/irrigation ditch, and supported one of the interpretations of Feature 5 as a trash 
dump. The interpretation of Feature 4 as a fountain could not be confirmed or refuted 
through geochemical analysis, although geochemical evidence for the presence of certain 
artifacts may have been found. Feature 7 was the only feature for which the geochemistry 
did not add to interpretations. The presence of mercury, arsenic, and lead in many of the 
soil samples may indicate the use of patent medicines at the site.  
The results of the macrobotanical analysis demonstrate that the method can be 
applied beyond the traditional evaluation of privies and burn piles. The presence of 
historic anthropogenic plants indicate that not all food waste entered the sewer system of 
Virginia City; some may have become runoff from the laundry building, or may have 
been part of a compost pile. Common poppy seeds may indicate a landscaping, dietary, or 
possibly a convenient medicinal use of the plant. Although highly speculative, several 
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prehistoric food plants that have traditionally been used by Native Americans may 
indicate the presence of a potentially high value resource patch prior to the contact period 
and provide an explanation for the presence of Native American artifacts at the site. 
These results provide support for the use of macrobotanical analysis in all historical 
archaeology projects, not just those with privies. For both geochemical and 
macrobotanical analyses, samples are simple to collect in the field, and have the potential 


















IV. Stewart Indian School Geochemical and Macrobotanical 
Analyses 
 
 This chapter is focused on the Stewart Indian School in Carson City, Nevada, 
which was test excavated during the summer of 2013 by the University of Nevada, Reno 
Department of Anthropology, in collaboration with the Nevada Indian Commission and 
the Washoe Tribal Historic Preservation Office. Both geochemical and macrobotanical 
analyses were performed on soil samples collected from two excavation units during the 
excavation. 
IV.1 Geochemical Analysis 
 
 Geochemical analysis for the Stewart Indian School samples was performed using 
x-ray fluorescence spectroscopy (XRF) and loss-on-ignition (LOI). The two methods 
were employed to help answer three fundamental questions about the school and the 
nature of burn features at the site: (1) do the results support the preliminary site 
interpretation that the investigated features are designated burn piles, rather than the 
remains of structures burned in place?; (2) can geochemical methods be used to 
determine the parent material of the slag found in the potential burn piles?; and (3) if the 
features are associated with burning events, can geochemical methods determine what 
materials were burned in the features? The results indicate that the site interpretation can 
be neither confirmed nor denied that these features are likely designated burn-piles; 
however they do provide evidence that the burn area may have been cleaned up at some 
point in time. The analysis did positively identify such potentially anthropogenic 
elements as manganese, strontium, and lead. Unfortunately, the parent material of the 
slag found in the features could not be identified using XRF. 
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IV.2 Macrobotanical Analysis 
 
 Macrobotanical analysis of the soil samples was performed using the bucket 
method of flotation, in order to identify plant macroremains and artifacts by separating 
the light remains from the heavy. The method was employed to help answer specific 
questions about the purpose of the features: (1) do the results of the macrobotanical 
analysis support the preliminary site interpretation that the investigated features are burn 
piles?; (2) what type of materials, such as architectural, food waste, or general waste, 
were burned in the feature?; (3) are there plant remains that can help indicate diet breadth 
at the site?; and (4) can non-hearth burn features contain plant remains? The results 
indicate that the materials recovered through flotation do not provide evidence of 
architectural remains or food remains. Additionally, no food plant remains were 
recovered through flotation, nor were plant remains of any type recovered from the 
features, thereby indicating that the burn features may have included stove clean-outs or 
other burned materials.  
IV.3 Background of Carson City 
 
IV.3.1 Carson City 
 
 Carson City’s history is inextricably linked to that of Virginia City, Nevada. 
During the “rush to Washoe” (Lord 1959:64) in the 1860s, Carson City was the staging 
ground for nearly all traffic heading up to the gold and silver mines of the Comstock. 
That position was reinforced in the 1870s with the construction of the Virginia and 
Truckee Railroad in 1869, which used Carson City as the transfer point for goods and 
people coming from and going to the Central Pacific Railroad in Reno (Lord 1959:253-
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254). While Virginia City has since faded and become a small community, both in terms 
of population and influence, Carson City has risen to become the capitol of the state. In 
the late 19
th
 century, Carson City was chosen for the construction of the Stewart Indian 
School in an attempt to assimilate local Native American children into Euro-American 
society and to teach them a trade (National Park Service 2015). 
IV.3.2 Geologic Background of Carson City 
 
 Because it was not prospected for mining as heavily as the Virginia City area, 
Carson City has not received as thorough of a geological study. The surface deposits in 
the area are from the relatively recent past, the Pleistocene and early Holocene epochs 
(Pease 1980). The geology of the Carson City area consists almost entirely of Quaternary 
period deposits formed by alluvial and colluvial materials eroded from the surrounding 
mountains. Carson City itself rests upon Qal (Quaternary alluvium) deposits that fill 
Eagle Valley (Trexler 1977). Between Carson City and the Stewart Indian School lies an 
older Qoa (older Quaternary alluvium) deposit that dates to the Pleistocene (Trexler 
1977; Pease 1980). Pease (1980) lists this deposit as Qcp (Holocene alluvial deposits 
from Clear Creek) as it approaches Stewart. The Stewart Indian School rests on a Qyc 
formation (Clear Creek flood deposits) that is approximately 2,000 years old (Pease 
1980).  
IV.4 Background of Stewart Indian School and the 2013 Excavation 
 
IV.4.1 Stewart Indian School 
 
 The Stewart Indian School was established in 1890 to assimilate and provide 
education to Native American children throughout the West (National Park Service 2015; 
Stewart Indian School 2012). The school functioned in that capacity until 1980, when it 
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was closed (National Park Service 2015). The campus went through several changes over 
the years, and eventually became an architectural curiosity for its unique construction 
(National Park Service 2015). The earliest structures no longer remain, and have become 
the focus of archaeological investigations. 
IV.4.2 Excavation in 2013 
 
 Much of the Stewart Indian School remains intact on its original grounds. 
However, the earliest structures were removed over the years, and their exact locations 
were unclear. The overall goal of the investigation was to locate the position of the 
original school building that was constructed in 1890 (Long 2015). In order to 
accomplish this goal in the field, ground penetrating radar (GPR) was used in the 
potential locations of the original structure. Five test grids were identified: Grid A in the 
suspected location provided in the school’s archives, Grids B and C located at the north 
end of the school, Grid D located at the south end of the school, and Grid EF located in 
the lawn near the center of the school (Long 2015). The most likely location of the 
building was in GPR Grid EF, located along the north side of Gibson Avenue, and the 
majority of the test excavation units were opened in this Grid (Long 2015) (see Figure 
IV-1).  
Soil samples were collected from potential burn features in excavation units 
located in Grid EF in order to further analyze these features in the lab. The samples were 




Figure IV-1. GPR Grid locations (Long 2015). 
 
 
IV.5 Test Unit and Soil Sample Descriptions 
 
IV.5.1 Test Excavation Units 
 
 Test Units (TU) 3 and 4 were strategically placed in Grid EF in order to help 
identify the boundaries of a GPR anomaly found in the course of archaeological 
prospection (Long 2015). The first unit, TU 3, contained six strata in 49 centimeters of 
depth. Soil was collected from Level 5 of the unit, which contained what was thought to 
be charcoal, at 35 to 40 centimeters below datum (cmbd). The excavation level forms 
state that, in addition to the soil sample, artifacts collected from this level included both 
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wire and cut nails, bone fragments, ceramic fragments, a button, and concrete fragments. 
The second unit, TU 4, contained five strata in 50 centimeters of depth. Soil was 
collected from Level 4 at 27-28 cmbd, which was also believed to be charcoal. According 
to the excavation level forms, artifacts collected from this level included metal fragments, 
glass fragments, and a button. 
IV.5.2 Soil Samples 
 The soil samples collected over the course of excavation are identified in two 
different ways: a bag number and a catalog number, both of which were assigned in the 
lab. The Munsell soil colors were taken from the TU profiles used for the final site report. 
Bag numbers, hereafter referred to as Soil Sample numbers, will be used here for 
simplicity. 
 Soil Sample #68, collected from TU 3, Level 5, consists of grain sizes ranging 
from fine sand to small pebbles. Coal (burned and unburned), charcoal, and slag account 
for the bulk of this sample. The soil color was described as 10YR 2/1 Black when the soil 
sample was collected in the field. Additionally in the field, all artifacts were removed 
from the sample prior to its collection, which indicates biased sampling and has the 
potential to create skewed results in the lab. This must be taken into account when 
assessing the results of these analyses. 
 Soil Sample #69, collected from TU 4, Level 4, consists of grain sizes ranging 
from fine sand to small pebbles. Similarly to Sample #68, coal (burned and unburned), 
charcoal, and slag account for the bulk of this sample. The soil color was described as 
10YR 2/1 Black in the field during collection of the sample. Artifacts were also removed 
from this sample in the field prior to its collection. 
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IV.6 Geochemical Analysis Results 
 
 In order to determine their geochemistry, two methods of geochemical analysis 
were performed on the soil samples from the Stewart Indian School: XRF and LOI. In 
each case, the results of the analyses were compared to a control sample taken near the 
school grounds to determine their validity. 
IV.6.1 X-Ray Fluorescence (XRF) Results 
 
 Soil Sample #68 contained elevated amounts of seven elements relative to the 
control sample, and in the case of calcium, relative to both the control and Soil Sample 
#69. These elements are calcium, manganese, copper, zinc, arsenic, strontium, and lead. 
Each of these elements is significantly higher in concentration than what is found in the 
control. Barium is missing from this sample, although it is found in Sample #69 and the 
control. See Appendix B for the full list of chemical elements.  
 Soil Sample #69 contains elevated amounts of six elements relative to the control 
sample. These elements are calcium, copper, zinc, arsenic, strontium, and lead. Calcium 
is found in lower quantities than in Sample #68, but still in twice the quantity found in the 
control. Lead is found in a significantly higher concentration than in Sample #68. See 
Appendix B for the full list of chemical elements. 
 Analyses were also performed on slag samples for each TU in an attempt to 
identify the material (see Figure IV-2). The slag was first analyzed using fragments 
selected directly from the soil sample bags. A second analysis involved pulverizing the 
slag samples in an attempt to obtain a more complete geochemistry for the slag. The 
process involved placing a few nodules of slag material into an agate mortar and 
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pulverizing by hand using an agate pestle. The results are listed in table form in Appendix 
B. 
 
Figure IV-2. Slag example. 
 
 
The XRF analysis suggests that seven elements found in TUs 3 and 4 are 
potentially anthropogenic. These elements are calcium, manganese, copper, zinc, arsenic, 
strontium, and lead. Each of these elements occurred in quantities significantly higher 
than what was found in the control sample. 
IV.6.2 Loss-on-Ignition (LOI) Results 
 
 The LOI results will be described as a percent rather than in grams, as each 
sample began with different amounts prior to placement in the furnace. Each sample was 
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subjected to two firings. The first firing ignites any organic matter present. The second 
firing ignites carbonate. See Table IV-1 below for results. 
 
Table IV-1. Loss-on-Ignition results. 
 
 
 Soil Sample #68 was found to contain significant percentage of its weight as 
organic matter and carbonate, while Soil Sample #69 contained roughly half the amount. 
In appearance, both samples are nearly identical, but these results clearly demonstrate 
otherwise. Burn features containing ash can be found to contain a significant amount of 
carbonate during loss-on-ignition (see Chapter 3); but in this case, ash was not present in 
the feature, leading to relatively small percentage of carbonate content. Additionally, 
features containing seeds and a variety of organic matter tend to have high percentages of 
organic matter content highlighted during firing (see Chapter 3), yet Soil Sample #68 
contained no seeds, and visibly approximately the same quantity of rootlets as Soil 
Sample #69. No explanation readily presents itself for this anomaly.  
IV.7 Interpretations of the Geochemical Analysis 
 
 In this section, it will be demonstrated that the results of the geochemical analysis 
neither confirm nor deny the preliminary site interpretation that the contents of the two 
TUs are not the result of structures burning, but rather that they are the result of pile-
burning in place. This section will also demonstrate the difficulty in identifying the 
source material for the slag in the soil samples. 
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Overall, the geochemical analysis results for the Stewart Indian School provide an 
interesting contrast to the expected results from these types of soils when compared to the 
St. Mary’s Hospital results and a publication on the identification of different slags 
(Bachmann 1982). 
IV.7.1 Do the results support the preliminary site interpretation that the 
investigated features are designated burn piles, rather than the remains of 
structures burned in place? 
 
 The archaeological remains found in Test Units 3 and 4 were determined to be the 
result of designated pile burning rather than a structure fire. However, the low levels of 
calcium identified in the XRF and LoI analyses do not make for a simple case. While the 
calcium levels are significantly higher than what was found in the control sample, the 
levels are, even more significantly, less than the calcium levels found in the identified 
burn feature at St. Mary’s Hospital described in Chapter 3. The presence of calcium 
indicates calcium carbonate, the primary component of some types of ash. While calcium 
carbonate is also the primary component of caliche, the Holocene geologic formations in 
Eagle Valley are too young for its formation (Pease 1980). If structural materials were 
burned in place, or if burned materials were brought in and dumped in the feature, 
significant amounts of ash should be present in either case, but neither soil sample from 
the Stewart Indian School contained visible quantities of ash. This suggests that the ash 
may either have been blown away or removed from the feature at some point after the 
burn event. In this instance, the results neither confirm nor deny the preliminary site 





IV.7.2 Can geochemical methods be used to determine the parent material of the 
slag found in the potential burn piles? 
  
In this case, it was not possible to definitively identify the source material of the 
slag found in both soil samples. Comparisons were made with a library of slag chemical 
compositions (Bachmann 1982), but the results did not demonstrate enough similarity 
with any of the materials (see Bachmann 1982:Table 1). The element that comprised the 
greatest percentage of the soil samples was silicon at approximately 15%, which is not 
high enough to determine that it is glass slag.  
IV.7.3 If the features are associated with burning events, can geochemical methods 
determine what materials were burned in the features? 
 
 The geochemical analysis identified seven potentially anthropogenic elements in 
the samples, including the previously discussed calcium. Of those, several may be 
significant. The elevated levels of manganese may be associated with pigments 
(Erlandson, et al. 1999:520-521). The elevated strontium levels may have come from the 
animal bone fragments that were found in the unit levels. The source of the lead is open 
to interpretation, but at 700 to 1000 parts per million, it exceeds EPA standards for what 
is allowed in the soils of schools by 400 to 800 parts per million (Tarrago and Demers 
2010:23). Soils normally contain less than 50 parts per million of lead (Tarrago and 
Demers 2010:23), so the prevalence of it in these units may indicate waste disposal of a 
items containing lead, such as coal, paint, or pencils.  
IV.8 Macrobotanical Analysis Results 
 
 Flotation of the Stewart Indian School soil samples was accomplished using the 




IV.8.1 Heavy Fraction and Light Fraction Results 
 
The tables below summarize the results for both the light and heavy fraction 
analyses. No anthropogenic macrobotanical remains were found in the soils. Due to the 
presence of slag and coal/charcoal, the results are atypically weighted toward the heavy 
fraction. See Table IV-2 below for results. 
 
 
Table IV-2. Macrobotanical recovery results. 
 
 
IV.9 Interpretations of the Macrobotanical Analysis 
 
IV.9.1 Do the results of the macrobotanical analysis support the preliminary site 
interpretation that the investigated features are burn piles? 
 
Unfortunately, the preliminary site interpretation could not be confirmed through 
macrobotanical analysis. The presence of large quantities of coal (both burned and 
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unburned) and charcoal, and the lack of ash, indicate that at least some of the materials in 
the feature from TUs 3 and 4 were potentially brought from other locations, such as from 
the cleanouts of stoves, furnaces, or boiler fireboxes. Another possibility would include 
the use of an incinerator to dispose of materials. 
IV.9.2 What types of materials, such as architectural, food waste, or general waste, 
were burned in the feature? 
 
Few architectural materials were identified during the flotation analysis, although 
both wire and cut nails were recovered from the Test Units in the field prior to soil 
sample collection. Food waste was also not recovered, although the temperatures could 
have been too high to preserve any evidence during burning. Glass fragments, seed beads, 
and buttons were found in the test units prior to soil sampling, which suggests a general 
disposal of materials, such as in an incinerator. It should be mentioned once again that 
these interpretations may affected by the removal of artifacts from the soil samples in the 
field, which included architectural materials. 
The slag remains may have formed inside of a container, such as a stove, furnace, 
or boiler firebox, suggesting that these materials were the result of some type of clean-
out. The various artifacts recovered during flotation supports the burning of multiple 
types of waste, perhaps in an incinerator, as suggested above.  
IV.9.3 Are there plant remains that can help indicate diet breadth at the site? 
 
 No food remains of any type were found in the samples, including floral or faunal 
remains. Because artifacts were removed from the soil samples in the field, the flotation 




IV.9.4 Do non-hearth burn features contain plant remains? 
 
 Based upon the current evidence, this type of non-hearth feature did not preserve 
plant remains. The only floral materials recovered were rootlets from the lawn. 
IV.10 Conclusions 
 
 The results of both the geochemical and macrobotanical analyses of the Stewart 
Indian School are able to provide more evidence to aid in the site interpretations. The 
analyses also provided answers to additional questions beyond those of the preliminary 
site use interpretations. 
 The geochemical analysis could neither confirm nor deny the idea that the two 
excavation units did not contain the remains of the original school structures burned in 
place, but rather architectural materials pile-burned, and the possibility that additional 
burned materials were discarded in the feature out of convenience. Additionally, the 
geochemical analysis was not able to identify the parent material of the slag found in the 
soil samples. Instead, several anthropogenic elements were discovered that helped to 
identify possible materials that were burned in those features, and indicated site 
contamination. 
 The macrobotanical analysis did not recover any anthropogenic plant remains. 
However, the presence of coal/charcoal and slag suggests that a portion of the materials 
were not burned in place, but were instead deposited there as the result of a clean-out of a 
stove, furnace, boiler firebox, or incinerator that may have been located in the structure 
that originally stood at the location. Finally, the macrobotanical analysis indicates that 
plant remains are not likely to be recovered from a burn feature such as this. The removal 
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of artifacts from the soil samples in the field must be noted, as the act automatically 
creates bias in the sample, and has the potential to influence the results of any analyses. 
Overall, despite the limitations in this case, the results of the geochemical and 
macrobotanical analyses demonstrate the applicability of these methods to a variety of 




























V. Island Mountain Geochemical and Macrobotanical 
Analyses 
 
 Island Mountain is a former Chinese placer mining settlement located north of 
Elko, Nevada. The Island Mountain site (26-EK-6621) was excavated over the course of 
three field seasons from 1999 to 2001 through a joint effort between the University of 
Nevada, Reno Department of Anthropology and the United States Forest Service’s 
Passport in Time program (Hunt-Jones 2006:88). Numerous soil samples were collected 
from a single privy feature during the summer excavation in 2000. For this project, 
geochemical and macrobotanical analyses were performed on four soil samples 
representing a range of excavation levels in the feature. 
 Although it is known that the soil samples were taken from a single privy feature, 
the data regarding this excavation is scarce, with information contained only in a United 
States Forest Service archaeological site record and a Master’s thesis from the University 
of Nevada, Reno Department of Anthropology (Hunt-Jones 2006). Field notes and other 
data are reportedly lost (Robert Leavitt, personal communication, April 8, 2015). 
V.1 Geochemical Analysis 
 
 Geochemical analysis for the Island Mountain soil samples was performed using 
x-ray fluorescence spectroscopy (XRF) and loss-on ignition (LOI). The methods help to 
answer two fundamental questions about privy features and Chinese mining settlements 
in the American West: (1) can chemical elements used in the mining process or in 
everyday life, such as in medications, be seen in the results of geochemical analysis?, and 
(2) can geochemical analyses be used to confirm the interpretation of a feature as a privy? 
The results of the analyses indicate that anthropogenic elements related to either mining 
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activities or the consumption of patent medicines are present in the samples, and other 
elements found in the site such as sulfur, zinc, and potassium can be used to confirm the 
feature as a privy. Additionally, I hypothesize that Levels 4 and 6 of the feature represent 
fill episodes, while Levels 5 and 7 represent periods of night soil deposition. 
V.2 Macrobotanical Analysis 
 
 Macrobotanical analysis of the Island Mountain soil samples was performed using 
the bucket method of flotation (see Chapter 2) to recover macrobotanical remains and 
artifacts from the soil samples. This analysis was used to answer two questions related to 
the contents of privy features and diet in this Chinese mining settlement: (1) what can the 
results of the macrobotanical analysis tell us about consumer choice, foodways, and 
market availability of goods at Island Mountain?, and (2) do the results indicate the 
consumption of indigenous food plants, which were possibly the result of local foraging? 
The results of the macrobotanical analysis reveal the seeds of two types of fruit that could 
not have been grown on location, indicating that the diet of the inhabitants included 
imported foods, such as preserves or dried fruit. The presence of these fruits also 
indicates an attempt to maintain a rounded diet in the remote region of Island Mountain. 
Additionally, although the analysis revealed the presence of edible seeds of native plants, 
none of the seeds were identified in night soils making it less likely that native plant 
foraging occurred.   
V.3 Background of Island Mountain 
 
 Island Mountain is a placer gold mining district that was discovered in 1873 by 
one of the co-founders of the Comstock Lode, Emanuel Penrod (Angel 1958:394). 
Penrod discovered the district with two other associates, C. T. Russell and W. D. Newton 
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(Angel 1958:394). The town of Island Mountain began in 1875, and true to the boom and 
bust cycle of Nevada mining, began to fade in 1878 (Figure V-1) (Angel 1958:394). 
Many inhabitants stayed, however, including two Chinese store owners, five Euro-
Americans, and fifty Chinese miners (Angel 1958:394). The owners of the store were 
Hung and Hong Lee, two brothers originally from China, who ran the store from about 
1874 to 1915 (Hunt-Jones 2006:6). During this time, mining occurred intermittently at 
the Island Mountain site (Hunt-Jones 2006:6).   
 
Figure V-1. Island Mountain. Courtesy of the U.S. Forest Service,  
Toiyabe National Forest, Mountain City District. 
 
 
V.4 The Excavation in 2000 
According to Patricia Hunt-Jones (2006), the 2000 field season excavations 
specifically targeted the Chinese store site which was designated as Feature 5 (2006:90). 
In addition, Features 15 and 8, believed to be the habitation sites for the store owners, 
were excavated (Hunt-Jones 2006:92). Finally, the privy, for which no information about 
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who may have used it can be found, was also excavated during this season (Hunt-Jones 
2006:92). Refer to Figure V-2 for a site map. 
 
Figure V-2. Island Mountain Site Map. Courtesy of the U.S. Forest Service, Toiyabe 
National Forest, Mountain City District. 
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V.5 Privy Feature and Soil Sample Descriptions 
 
V.5.1 Privy Feature 
 
Hunt-Jones notes that the privy was excavated down to six feet (2006:93), 
although the excavator, Morgan Blanchard, notes the depth as 325 centimeters, as 
described on the soil sample bags. The privy contained seven levels within the 325 
centimeters. The function of the privy was interpreted “…as a fertilizer source…” due to 
the lack of artifacts found within it (Hunt-Jones 2006:93).  
V.5.2 Soil Samples 
 
 During the excavation, a soil sample was collected every ten centimeters 
beginning with Level 4 (Table V-1). It is unknown why some levels were significantly 
deeper than others, as no field notes have been located, but Level 4 may have contained 
the first cultural materials encountered in the feature. Due to the large number of samples 
to choose from, one sample was chosen from each level in Levels 4-7 for analyses in this 
study. Because of the large size of each soil sample, a two liter subsample was collected 
from each of the four samples for macrobotanical analysis; an additional small amount 
was removed for geochemical analyses (Table V-1). 
 







V.6 Geochemical Analysis Results 
 
 For the Island Mountain soil samples, XRF and LOI were applied to determine 
the geochemistry of the soils. The results were compared to four control samples taken 
around the perimeter of the site. Statistical analyses were completed for selected chemical 
elements in each soil sample using the mean and standard deviation of control sample 
chemical elements in order to determine significant differences. Refer to Appendix C for 
results. 
V.6.1 X-Ray Fluorescence (XRF) Results 
 
 Soil Sample #83 contained elevated amounts of silicon, potassium, and barium. 
Additionally, the sample contained highly elevated levels of lead. The levels of the first 
three elements occur in amounts ranging from 29-32% greater than the mean of the 
control samples. Lead was found in amounts 61% higher than the mean of the control 
samples (Table V-4). Refer to Appendix C for the full listing of chemical elements in this 
sample.  
 




 Soil Sample #92 contained elevated amounts of silicon and potassium, and highly 
elevated amounts of copper, zinc, arsenic, barium, and lead. The first two elements occur 
in amounts 24-26% higher than the mean of the control samples (refer to XRF mean and 
standard deviation tables in Appendix C). The remaining elements vary, although the 
difference from the control sample mean for each element exceeds 40%. Lead is the most 
elevated, at 78% more than the mean of the control samples. This is the first sample 
containing mercury, which coincides with the first appearance of night soil (Table V-3; 
Figure V-2).  
 




Figure V-3. Night soil with seeds. 
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Soil Sample #131 contained elevated amounts of silicon and potassium, and 
highly elevated levels of copper, zinc, arsenic, barium, and lead (refer to XRF mean and 
standard deviation tables in Appendix C). Mercury is detected in this sample, although in 
a smaller quantity than either the preceding or proceeding levels (Table V-4). This may 
indicate a fill episode in the privy feature, as the relatively small quantity of night soil 
fragments does not indicate a period of privy use.  
 
Table V-4. XRF elemental comparison. Level 6. 
 
 
 Soil Sample #143 contained elevated levels of silicon and potassium, and highly 
elevated levels of sulfur, copper, zinc, arsenic, and barium. Lead is found in the greatest 
concentration in this sample, at more than 81% higher than the control sample mean 
(Table V-5) (refer to XRF mean and standard deviation tables in Appendix C). Mercury 





Table V-5. XRF elemental comparison. Level 7. 
 
 
V.6.2 Loss-on-Ignition (LOI) Results 
 
 Due to the variation in initial sample weight prior to firing in the furnace, the 
results are presented in percentages rather than grams. The samples were subjected to two 
furnace firings: the first firing at 500ºC was used to determine the organic matter content, 
and the second firing at 900ºC was used to determine the carbonate content (Table V-6). 
 
Table V-6. Loss-on-Ignition results. 
 
 
 Soil Sample #83 contained a relatively smaller amount of organic matter than the 
two samples that were found to contain night soil (Soil Samples #92 and #143). The 
carbonate content does not lend itself to any immediate explanation, and may be the 
result of the natural geology of the area. 
 Soil Sample #92 contained the greatest percentage of organic matter of any of the 
four samples. The sample contained a large quantity of night soil, which may explain the 
organic matter content. Additionally the high content coincides with the chemical 
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elements spikes of sulfur, copper, potassium, mercury, and lead seen in the XRF results 
for Soil Samples #92 and #143. This evidence supports the hypothesis that Levels 5 and 7 
were the result of privy use, while Levels 4 and 6 may have been the result of fill events. 
The carbonate loss for this sample is the highest of the four samples, which could indicate 
the use of lime to cover the privy at the end of its use. 
 Soil Sample #131 lost the least amount of organic matter, reinforcing the idea that 
Level 6 was the result of a fill event. Carbonate loss was also the least in this sample 
among the four soil samples. 
 Soil Sample #143 lost the second highest amount of organic matter, which 
coincides with the presence of night soils in Level 7. The carbonate loss for this sample 
was the second lowest of the four samples. 
 V.7 Interpretations of the Geochemical Analysis 
 
 In this section, I will demonstrate that the results of the geochemical analyses 
provide evidence for chemical elements that were used in both the placer mining process 
and in common medications. Additionally, the results can be used to confirm the feature 
as a privy, which demonstrates the applicability of this method to other archaeological 
projects. 
V.7.1 Can chemical elements used in the mining process or in everyday life, such as 
in medications, be seen in the results of geochemical analysis?  
 
  Two chemical elements found in the samples that are currently considered highly 
toxic, but were considered highly useful in the nineteenth century, are mercury and lead. 
Both were found in high concentrations in Levels 5 and 7 (Tables V-3, V-4, V-5). Lead 
appears in small quantities in the control samples and in much higher quantities in the 
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soil samples, with significant spikes in Levels 5 and 7, placing it in direct association 
with night soil. There are a number of places in which lead can be found in the built 
environment, including pipes and paint, but Island Mountain consisted of roughly 
constructed half-dugout dwellings (Figure V-4) (Hunt-Jones 2006:54-56). These 
dwellings likely were not painted, nor were they likely to have indoor plumbing, leaving 
the most likely source of lead to items that were ingested, such as patent medicines of the 
time. Sugar of lead, or lead acetate, was thought to be a cure for cholera and smallpox 
(Agnew 2010:61, 72). Lead acetate may be the source of the lead, although more detailed 
and expensive, chemical testing would be required to make a definitive determination.  
 Mercury had a dual purpose in the 19
th
 and early 20
th
 centuries: a tool that could 
be used to amalgamate gold and as a medicine that could be easily ingested. While 
mercury was used primarily by large mining operations to amalgamate gold, it could also 
be used by small placer mining operations, consisting of as few as one person (Hardesty 
2010:36, 64, 70). In placer mining, a small amount of mercury could be added to a gold 
pan in order to help collect even the tiniest flakes. Additionally, mercury could also be 
added to the riffles of a sluice box, which would then collected gold as material was 
washed through (Hardesty 2010:36). This would have led to direct mercury exposure and 
subsequent detection of it in night soils.  
 Mercury was also the ingredient in the patent medicine calomel, which was used 
to treat many types of fevers and cholera (Agnew 2010:102-103). Another mercury based 
patent medicine was bichloride of mercury, which was thought to be an antiseptic 
(Agnew 2010:102). The miners could therefore have absorbed the element 
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unintentionally during mining activities and/or could have intentionally ingested the 
element for medicinal purposes. 
 
Figure V-4. Island Mountain dugouts. Courtesy of the U.S. Forest Service, Toiyabe 
National Forest, Mountain City District. 
 
 
V.7.2 Can geochemical analyses be used to confirm the interpretation of a feature as 
a privy?  
 
The chemical elements found in the four soil samples demonstrate a pattern, 
which can be confirmed through macrobotanical analysis, of rises and falls in 
concentration of the elements with each level of the privy feature. The geochemistry of 
Level 4 is very similar to that of the control samples, which indicates that it may have 
been a final fill event to mitigate odors. Level 5 contains the first mercury traces, in 
addition to spikes in several other elements (refer to Figure V-4). Sulfur first appears in 
this level as well, and levels 5 and 7 are the only ones to contain sulfur. Sulfur was 
detected in only one of the control samples, which was taken from the floodplain of a 
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nearby creek. Levels 5 and 7 each contained 0.20% of sulfur, or approximately 2000 
parts per million (ppm). Control Samples 1-3 contained no sulfur, while Control Sample 
#4 contained only 953 ppm. Control Sample #4 was collected from the creek floodplain, 
and appeared to recently be frequented by cattle, which may explain the presence of a 
relatively small amount of sulfur.  Sulfur is one of the most commonly found elements in 
our bodies (Nimni, et al. 2007:1). When ingested in sufficient quantities, the element is 
retained in the body, and when excessive quantities are ingested, the element is excreted 
during urination (Nimni, et al. 2007:5-6). Sulfur is commonly found in food containing 
high quantities of protein, such as fish, eggs, and other types of meat (Ehrlich 2011), 
indicating that these items may have been commonly consumed at the site. Additionally, 
the presence of sulfur only in Levels 5 and 7 coincides with the occurrence of night soils 
in those levels, further suggesting that these levels indicate privy deposits. 
Level 6 contains elevated levels of some of the same elements although in 
significantly lower quantities, such as mercury and lead, which indicates that material 
from the previous level may have percolated down. Level 7 sees a rise in the amounts of 
various chemical elements, similar to Level 5.. Based upon the results, it appears that 
Levels 5 and 7 represent periods of deposition in the privy feature, while Levels 4 and 6 
represent fill episodes. 
Zinc was also found in unusually high levels in the privy feature, especially in 
Levels 5, 6, and 7, where the amounts are double those found in the mean of the control 
samples. Zinc is commonly found in oysters and nearly any type of meat, beans, or grains 




Another element that may help indicate that the feature is a privy is potassium, 
which was found in higher quantities in the privy than in the control samples. Potassium 
is found in many types of foods, including meats, vegetables, dairy, and soy (Chen 2014). 
Food sources are the most likely source of the higher zinc and potassium levels seen in 
the privy feature due to the significant difference between the amounts found in the soil 
samples and the amounts found in the control samples. 
While interpretation of the feature as a privy was not in dispute prior to these 
analyses, the elevated levels of these elements, and their possible source from food 
consumed on the site, provides the evidence needed to confirm the feature as a privy. 
This demonstrates the utility of this method in identifying privy features. This data will 
be useful to archaeologists performing other investigations who are seeking to confirm 
the function of a specific questionable feature. 
V.8 Macrobotanical Analysis Results 
 
 Flotation of the Island Mountain soil samples was accomplished using the bucket 
method of flotation. The flotation process resulted in light and heavy fractions of the 
materials from each sample. 
V.8.1 Heavy Fraction and Light Fraction Results 
 
 The tables below (Table V-7) summarize the results of flotation and include both 
the light and heavy fractions. For each sample, a 25% subsample of the light fraction was 
collected for analysis, while the remainder was repackaged for curation. In preparation 
for the subsample collection, each light fraction was placed into a funnel and deposited 



































sample was then roughly divided into quarters, with one quarter set aside as the 
subsample. 
V.9 Interpretations of the Macrobotanical Analysis 
 The macrobotanical analysis of the Island Mountain samples yielded numerous 
seeds from five different species of plants. Three varieties of seeds, grape, Rubus, and fig 
(see Figures V-5, V-6, and V-7), were undoubtedly anthropogenic, and two other seed 
varieties indicate native flora (Figures V-8 and V-9. 
 
























V.9.1 What can the results of the macrobotanical analysis tell us about consumer 
choice, food availability, and trade at Island Mountain? 
 
 The macrobotanical analysis indicates that Island Mountain was supplied with a 
variety of foods despite its remote location. Three anthropogenic seed types were found 
that could only have arrived at the site through trade or importation. The seeds are 
derived from grapes, figs, and a Rubus variety that is most likely blackberry. The 
numerous blackberry seeds found in Levels 5, 6, and 7, but especially Level 5 (refer to 
Table V-7), indicate a possible preference for these berries over the other fruit types. In 
addition, blackberry seeds can be seen embedded within night soil fragments from each 
of these levels. The berries may have arrived in the form of preserves, as the climate 
around Island Mountain, at approximately 6,500 feet in elevation, is, in my personal 
experience, too harsh to grow most food producing plants. The presence of fig seeds and 
grape pips, in addition to blackberry seeds, suggests that Island Mountain had a well-
established trade network to maintain supplies, as these fruits would have only been 
available through importation. 
These seeds may also indicate a luxury item, given the remoteness of the town 
and the expense of transporting freight, which in the 1870s was $30 per ton (Angel 
1958:394). As a luxury item, these seeds may indicate that the availability of food was 
not a concern in Island Mountain. Additionally, the possession of luxury goods by 
Chinese inhabitants indicates that they were able to maintain a higher social class 
standing than many of their compatriots in other mining towns, who suffered legislated 





V.9.2 Do the results indicate the consumption of indigenous food plants, which were 
possibly the result of local foraging? 
 
 The macrobotanical results include two types of seeds from plants indigenous to 
Nevada. The two seeds are a variety of Polygonum, and Chenopodium. The Polygonum 
may be knotweed, of which some types were used by Native Americans to treat 
infections and were used by the Chinese to treat worms (Foster and Hobbs 2002:235). 
The Chenopodium variety found in the privy feature may be Nevada goosefoot 
(Chenopodium nevadense). Goosefoot seeds are commonly used by Native Americans as 
a food source in other regions of the U.S. (McGuire and Hildebrandt 2005:703). Unlike 
the fig, grape, and blackberry seeds, neither of the two native species were found 
associated with night soils in the soil samples, indicating that local foraging was probably 
not their source. The lack of foraging for local plant foods also supports the ready 
availability of simpler alternative food sources in the town. 
V.10 Conclusions 
 
 Island Mountain is a unique townsite in Nevada which had a large Chinese 
population in comparison to the number of Euro-American inhabitants. It is located in 
one of the most remote areas of the state, yet it survived for nearly half of a century 
(Hunt-Jones 2006:6). The geochemical and macrobotanical analyses performed on the 
soil samples from a privy feature have greatly augmented the limited data available about 
the site, and have aided in answering important questions related to the site itself and to 
historical archaeology in general. The geochemical analyses have revealed that chemical 
elements used in the mining process and contemporary medications are present in the soil 
samples containing night soils. These results support either the use of patent medicines, 
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or contamination due to the use of these chemical elements in placer mining. 
Additionally, the geochemical results confirm the interpretation of the feature as a privy 
unit, based on the elevated levels of chemical elements accumulated in waste which 
correspond to the stratigraphic sequence indicated by unit levels. This stratigraphic 
sequence was confirmed through the macrobotanical analysis in the presence of night soil 
in specific levels. The macrobotanical analysis also provided evidence of consumer 
choice, trade, and the availability of food in Island Mountain through numerous fig, 
grape, and blackberry seeds found associated with, and embedded in, night soil 
fragments. While two other seed types were recovered that are native to Nevada and are 
potential food sources, no evidence was found to indicate that the nineteenth-century 
inhabitants of Island Mountain were foraging for these seeds. Overall, this case study 
proves the utility of applying geochemical and macrobotanical analyses to historical 
archaeological sites as it demonstrates a variety of important questions that can be 














VI. Interpreting the Results of Geochemical and 
Macrobotanical Analyses in Historical Archaeology and 
Potential Future Directions 
 
 Each of the three case studies in this thesis have benefited from increased data as 
a result of the application of geochemical and macrobotanical analyses. The geochemical 
analysis methods have provided chemical data that would otherwise be impossible to see. 
The macrobotanical analysis methods have provided data on seeds and small artifacts that 
normally would escape notice during excavation. Overall, these case studies have 
demonstrated that these analyses are worthwhile and applicable to a variety of types of 
historic sites. 
At the St. Mary’s Hospital site, the geochemical analysis provided evidence for 
several anthropogenic heavy metals that resulted from hospital or mining activity. 
Additionally, valuable data was collected about burn features, including their 
identification as such based upon their chemistry. The macrobotanical analysis of the site 
provided evidence for consumer goods, in this case raspberry. The presence of 
Chenopodium and Polygonum plant varieties provided evidence that the site could have 
been a resource patch for either prehistoric, or ethno-historic Native Americans, 
providing a possible explanation for the presence of lithic artifacts at the site. 
The Stewart Indian School provided geochemical evidence for the presence of 
toxic chemicals, such as lead, as well as geochemical data on burn features that may 
include both materials pile-burned in place, and materials moved from the location of 
their original burning, such as stove clean-out debris. The macrobotanical data for the site 
may suggest that the burn episode was too hot to allow plant remains to survive, and 
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provided evidence for materials that may have been burned elsewhere, such as coal and 
slag. 
Island Mountain presented a trove of data concerning an unusual Chinese mining 
settlement. The geochemical data collected from the four selected privy soil samples 
provided evidence that the inhabitants of the settlement were exposed to toxic chemical 
elements. Mercury was found in high concentrations in unit levels containing night soil, 
which indicates exposure either through placer mining or patent medicine use. Lead was 
also found in high concentrations in the same unit levels, which also indicates the use of 
patent medicines such as sugar of lead (Agnew 2010:232). The macrobotanical analysis 
of the site provided data on consumer choice, trade, and the availability of goods in one 
of the most remote regions of Nevada. The results of the analysis also hinted at the 






 The geochemical and macrobotanical analyses of the three sites demonstrate a 
variety of questions that may be answered through their application, ranging from 
questions related to foodways and market availability, to economic status and health, and 
to site interpretations such as the function of specific features. Once this data is compiled 
for individual sites, it also allows one to make cross-site comparisons, which can 
highlight regional trends and contrasts in order to answer larger questions. 
 Two of the sites contained burn features, which provide a contrast in the 
geochemical analyses. At St. Mary’s Hospital, Feature 5 in Test Units 9 and 12 was 
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interpreted as a burn feature. The geochemical results returned many chemical elements 
related to the contents that may have been burned, and also a very high concentration of 
calcium at approximately 28.5% of the sample. When looking at the LOI results, the 
sample lost nearly 17% of its weight in carbonate. Given the large quantities in each 
analysis, the chemical element is determined to be calcium carbonate, the primary 
component of ash. In contrast, at the Stewart Indian School, another burn feature was 
encountered and its soil was analyzed. The results from Test Units 3 and 4 uncovered a 
significant amount of coal, both burned and unburned, but only a 3.6 to 6.8% loss of 
carbonate and 4 to 6% calcium content. Thanks to the St. Mary’s Hospital results, this 
indicates that ash, which should be the primary component of a burn pile, was largely 
missing from the sample. When combined with the presence of coal, which, as a 
commodity the school had to purchase and use sparingly, would not have been burned 
outdoors, the conclusion is that at least some of the materials were the result of stove, 
furnace, or boiler cleanout that may have been located in the structure that once stood at 
the location of Grid EF.  
 Comparisons can also be made between all three sites. Each site was used 
primarily by a specific ethnic group: Euro-Americans at St. Mary’s Hospital, Native 
Americans at the Stewart Indian School, and Chinese at Island Mountain. The common 
theme linking all three sites is the contamination found in their soils. The St. Mary’s 
Hospital site was found to contain elevated levels of mercury and lead, due possibly to 
the presence of patent medicines such as calomel or sugar of lead, mining activity, lead 
plumbing, or a combination of any or all. The Stewart Indian School contained the 
highest concentrations of lead seen at all three sites, which most likely came from burned 
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items such as window glazing or coal. The Island Mountain privy feature contained lead 
and mercury in unit levels associated with night soil. This association indicates that the 
inhabitants were exposed to the chemical elements in high enough concentrations that 
they are detectable in their night soil. This similarity in site contamination will be 
discussed in terms of what it means for archaeologists further into this chapter.  
 Similarities can also be seen between different site types, such as St. Mary’s 
Hospital and Island Mountain. St. Mary’s Hospital is located in what was once the very 
cosmopolitan Virginia City, and the only food related item found during the 
macrobotanical analysis was raspberry seeds. Raspberry is a variety of rubus, which 
includes blackberry, among many others. This can be used to infer that consumer choice 
was at play in its presence, delivered from possibly great distance, and possibly by 
railroad, to its destination in a large mining town. Similarly, blackberry seeds were found 
at Island Mountain, a very remote, tiny mining town in a difficult to reach portion of 
Nevada. This indicates that although the two locations differ greatly, each may have had 
similar market access to goods. 
VI.1.2 Soil Sample Collection Concerns 
 
 With the wide range of sample sizes collected both within and between sites, a 
discussion of best practices for the proper collection of soil samples is in order. Each 
study presented its own unique biases based upon the collection of soil samples in the 
field. These biases ranged from selective collection from only one level, to very small 
sample sizes, to the removal of all visible artifacts from the sample prior to collection.  
At both St. Mary’s Hospital and the Stewart Indian School excavations, soil 
samples were collected only from levels that contained vastly different soils from the rest 
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of the excavation unit. This only allows the researcher in the lab to construct a partial 
portrait of the geochemistry and macrobotanical remains of the excavation unit. The 
privy unit at Island Mountain presents an excellent example of proper collection 
practices, in which samples were collected from every level. This made it possible to 
determine in the lab which levels of the feature were the result of night soil, and which 
were the result of fill episodes, and it provided an opportunity to observe how much the 
chemical elements influenced other levels through percolation. 
Sample size was also a concern throughout the analyses of the St. Mary’s Hospital 
and Stewart Indian School samples. Sample volumes ranged from around 100 milliliters 
to close to two liters. Island Mountain reached the other end of the spectrum with at least 
six liters for each sample. The optimal amount for research should be approximately 3 to 
4 liters, which provides 2 liters for flotation, small amounts of less than 100 milliliters for 
geochemical analyses, and one to two liters to go into curation for future analyses. 
A final note on soil sample collection concerns the removal of artifacts from the 
samples prior to collection. This is unnecessary and creates bias in the sample (Pearsall 
2010:76).  The removal of artifacts can create problems in the interpretation of 
geochemical and macrobotanical results, as a possibly crucial link may be missing, 
including its context. Once removed in the field, artifacts are typically cataloged with the 
unit level rather than the soil sample, which eliminates the possibility of quantitative 
analyses between the artifacts and the soil sample. While the site catalog may be 
consulted, and should contain data on the artifacts that were removed, the data will most 
likely be lumped into the level data rather than the soil sample. Additionally, the analyses 
may outpace the cataloging process. I recommend that artifacts be left with the soil 
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sample to be removed and cataloged by the person performing the soil analyses in order 
to preserve context.  
VI.1.3 Discussion on the Exposure to Dangerous Chemicals at Historic Sites 
 
 Each of the three sites in this thesis was found to contain anthropogenic heavy 
metals in concentrations far higher than those found in the control samples. Lead and 
mercury were the two toxic metals, with both having been detected at St. Mary’s Hospital 
and Island Mountain, while lead alone was detected at the Stewart Indian School. St. 
Mary’s Hospital contained mercury in levels up to 16 times higher than the level at which 
it becomes toxic (Gray, et al. 2015:35). Additionally, lead at the site was found to exceed 
EPA standards by 1.2 times (Tarrago and Demers 2010:23). As archaeologists are in 
contact with soil to a greater extreme than most other groups, these standards should be 
carefully considered during an excavation. At the Stewart Indian School, lead was found 
in concentrations 2.5 times higher than allowable by the EPA (Tarrago and Demers 
2010:23). This is especially important in light of the status of Stewart as a former school. 
The Island Mountain privy feature contained levels of mercury up to 35 times higher than 
the level at which it becomes toxic (Gray, et al. 2015:35), while lead was found levels at 
below the EPA standards, but still at levels up to 81.5% higher than what was detected in 
the control samples. 
 What this ultimately means is that archaeologists expose themselves to highly 
toxic chemicals during historic site excavations, and do not even realize it. Excavations 
are also very dusty, sending toxic particles airborne as well. Given the range of site types 
explored in this thesis, all of which contained mercury and/or lead, it may be safe to 
assume that any historic site will contain toxic levels of anthropogenic heavy metals. At 
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the very least, precautions such as dust masks, gloves, long-sleeve shirts, and pants may 
be prudent at historic site excavations. 
VI.2 Recommendations for Future Research and Future Directions 
 
VI.2.1 Future Research Potential 
 
 Future research may include the use of instrumental neutron activation analysis 
(INAA) in order to determine chemical compounds, as well as elements outside of the 
range of XRF. For flotation, experiments should be performed using both the bucket 
method of flotation and machine-assisted flotation side-by-side, in order to determine 
which method may have the higher material recovery rate. Considerations such as the 
diligence of the person performing each flotation method should also be assessed, as both 
machine-assisted and manual methods have the potential to be influenced.  
VI.2.2 Potential Future Directions in Macrobotanical Analysis 
 
 The future potential of macrobotanical analysis in historical archaeology, and 
even prehistoric archaeology, lies in expanded soil sampling. Features should not be the 
only portions of a site to be sampled. When excavation units are sampled, each level 
should be included to provide a more complete picture for the researcher. Pearsall 
recommends “blanket sampling” at a site, which includes every excavation unit, level, 
and feature (2010:66-67). Additionally, the amount of soil collected should be consistent, 
and include enough soil for multiple types of analyses and future analyses. Pearsall notes 
that variation in the amount of soil collected at a site has the potential to affect the results 
(2010:75). Expanded sampling would provide data on the ambient background of plants, 
as well as provide consistency of analysis and quantitative data that is more useful to site 
interpretations than a single feature sample taken from an investigation with 20 
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excavation units. For both historical and prehistoric archaeology, the standardization of 
flotation methods and devices would create consistency between sites, making larger, 
regional inferences more accurate. The current recovery rate gap of 25% to 96% between 
methods used (Pearsall 2010:95) is unacceptable for any type of scientific analysis.  
VI.2.3 Potential Future Directions in Geochemical Analysis 
 
 Geochemical analysis has great potential to fill in gaps in data recovery created by 
artifact analysis alone. For example, fragments of a patent medicine bottle may indicate 
that someone was ill, or because alcohol was included in the ingredients of many 
medicines, the person was simply trying to obtain alcohol where it was forbidden. 
Geochemical analysis of the soil in which the fragments were found could indicate what 
the contents of the bottle were, thereby eliminating some of the uncertainty in 
interpretation. Geochemical analysis also has the potential to identify activity areas that 
may otherwise be missed, such as the location where a mineral prospector processed ore 
through the detection of elevated mercury levels. Through this type of detection, it is also 
possible to determine the level of environmental contamination at a site and employ 
appropriate measures of protection for the workers on the project. Environmental 
contamination can also be used to determine if levels vary between class locales around 
the site. In addition, these contaminants can help provide a possible explanation for 
illness in the historic record. Portable XRF (pXRF) can potentially be used at a site to 
quickly determine environmental contaminants in the soils of excavation units, if such 
contamination is suspected.  
 Future directions in the identification of patent medicines at a site may include an 
analysis of the chemical composition of as wide a range as possible of extant medicines 
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curated in collections. This may help future archaeologists definitively determine whether 
they may be the cause of environmental contaminants, such as those that were detected in 
the Island Mountain privy feature. 
As with macrobotanical analysis, expanded soil sampling to include all aspects of 
a site would greatly aid in the detection of anomalies, provide consistency, and provide 
quantitative data that could be analyzed using statistical methods in order to aid site 
interpretations. Collecting soil samples for both macrobotanical and geochemical 
analyses could be accomplished at the same time in the same soil bag thus requiring little 
additional expenditure of time and effort during excavation.  
VI.3 Conclusions 
 Through the analysis of three case studies, this thesis has demonstrated that 
geochemical and macrobotanical analyses are worthwhile and applicable to various types 
of historic sites. In the analyses of the St. Mary’s Hospital soil samples, it was determined 
that geochemical methods could be used to confirm the site interpretations presented in 
the site report. Additionally, the methods were able to provide evidence of medical 
technologies, such as patent medicine use, for both the 19
th
 century religious hospital and 
the 20
th
 century secular hospital. Macrobotanical methods were able to determine the 
presence of plant foods, both historic and possibly prehistoric, as well as the potential 
function of features discovered during excavation. The methods were also able to provide 
an explanation for the presence of lithic artifacts at the site. 
 The geochemical analysis of the Stewart Indian School was unable to confirm or 
refute the preliminary site interpretation that the feature in Test Units 3 and 4 was the 
result of pile-burning rather than a structure fire through geochemical methods. 
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Additionally, the parent material of the slag found in the excavation units could not be 
identified. Additionally macrobotanical methods were unable to confirm the feature 
interpretation, and added evidence to the idea that at least some of the contents of the 
burn feature were the result of stove/furnace/boiler cleanout based on the presence of 
coal. The macrobotanical methods also provided evidence that the fire was too hot for the 
preservation of any plant or food remains.  
 At the Island Mountain townsite, geochemical methods provided evidence that 
chemical elements used in both the placer mining process and medications were presents, 
and at toxic levels. The methods were also used to confirm that the feature was indeed a 
privy. The macrobotanical analysis provided evidence for consumer choice and market 
access to goods in a remote mining town. The method was additionally able to determine 
that the presence edible seeds from indigenous plants were not the result of foraging 
activities among inhabitants of the town. 
 The analyses of these three sites also uncovered the level of environmental 
contamination that may be present at historic sites. While this provides a window into the 
health of the past inhabitants of these sites, it also raises concerns about the health of the 
archaeologists who work at these excavations. Personal protection equipment may need 
to be considered for many types of historic site excavations. 
 Future directions for these analyses should include more consistent use of these 
methods, both across the discipline and within individual studies. Sampling methods 
should be improved in order to provide a more complete picture of archaeological sites. 
Currently, only selected features are generally included for soil analysis, providing results 
that are biased. Specifically in flotation, the method needs to become more standardized 
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in order to allow cross-site comparisons. As this thesis has demonstrated, there is no limit 
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